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Automatic Impinger Sampling 
(See Page 120) 
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WHEELABRATOR:* cloth tube collectors 


assure a clec 


Here’s the solution to air po 
tion: Wheelabrator cloth -t 
dust collectors. Wheelabrator 
developed cloth filtration to 
highest efficiency, and cou 
with it simplicity in design 

construction for dependable, | 
cost operation and minim 
maintenance. 


The cloth tubes form a frz 
work on which the contaminat 
material itself forms a filter 

or cake, giving collection effic 


330 S. Byrkit St., 


cies approaching 100%. A direct 
shaking mechanism drops the col- 
lected dust directly into hoppers 
from which it is removed. Never 
under tension, even during shak- 
ing, the tubes have long life, re- 
taining their collection efficiency 
at all times. Installed or removed 
individually from the clean air 
side, the tubes are readily accessi- 
ble for inspection. 


Development of special synthetic 
fabrics has extended the benefits 


for dust and fume control at peak efficiency 


stack at all times 


of Wheelabrator cloth-tube effi- 
ciency to operations where hot 
and/or corrosive gases must be 
ventilated. 


Available in a complete range of 
standard models, assembled and 
knock-down, Wheelabrator col- 
lectors are efficient for handling 
air at 250 cfm up to hundreds of 
thousands cfm. Special models 
are readily designed for special 
applications. For more informa- 
tion, write today for Catalog 372. 
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BURNING 


IS NOT NECESSARILY INCINERATION 


What is PROPER incineration? It's the com- ar incineration. Just a furnace 
ithout won't do 
ay When and where, however, does the design 


: coed of the incinerator start? Not until answers 
noying factors which can put burning into are found to many questions involving such 


the nuisance class. Burning, in itself, is not important factors as: 


a... Are the wastes amenable to incineration? Are they dry? 
Wet? Contaminated? Volatile? Do they have hi oh heat 
content? Are they pumpable? 


b . . . Location of incinerator? Air supply? 

c-. . . How will wastes be handled? How charged? 

. Operating schedule? 

e . Will surroundings dictate minimum height of stack? 
f . . . Local codes and ordinances? 


Who knows best what factors to ferret out and what answers need to be sought? 
Who knows best how to integrate various influencing factors. Our design and 
construction business for more than sixty-five years has been in this very 
field of waste-disposal through proper incineration. We're known as 
Incineration Specialists. Our long experience is available to you, to 
your engineering consultant and to your architect for the asking 
WITHOUT OBLIGATION. We have competent representa- 
tives in 85 cities in United States and Canada. We'll be 
glad to have the one nearest you call and help you 

get started on your problem. 
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The Air? 


If it's concentration of smoke, haze or hydrogen sulfide, you can measure it twenty-four 
hours a day, automatically at intervals of Y2 hour, 1 hour or 2 hours as desired. 


A.1.S.1. AUTOMATIC SMOKE SAMPLER 


For sampling city atmosphere for determination of smoke 

and haze concentration, the A.I.S.I. Smoke Sampler is 

recommended. It may be employed for two purposes: 

1. To obtain an historical record of smoke concentrations over an 
extended period of time. 

2. To provide data, as part of micr t logical studies, from which 
can be established the source and distribution of smoke and similar 
particulate matter. 


The low cost of the A.I.S.I. Automatic Smoke Sampler 
makes it feasible to locate a large number of them for 
complete coverage of a geographical area, and its quiet- 
ness overcomes any objections to its location in or near 
individual residences. 


A.1.S.1. HYDROGEN 
SULFIDE SAMPLER 


Designed to provide a device that 
could continuously monitor at- 
mospheres having a house paint 
blackening potential, the Hydro- 
gen Sulfide Sampler is so sensitive 
that it also indicates much lower 
concentrations—as low as one 


part per billion parts of air. 


How To Evaluate Results 
To evaluate the quantity of particulate 
matter deposited on the filter of both 
samplers, Research Appliance manu- 
factures a spot evaluator with which 
the spots are evaluated by measure- 

ments of light transmission. 
Complete information on construc- 
tion, operation and performance details 
of the two samplers and the spot 
evaluator is available without ob- 
ligation. Please write for it 

today. 


RESEARCH APPLIANCE COMPANY 


Box 307 Allison Park, Pa. 
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Bothered 
by Smoke 
Control 


Regulations ? 


This Little STEP 


Could Save You Money 


The step you see is a positive measure- 
ment of the length of time of excessive 


smoke accurate to within 6 seconds. 


This record, combined On The Same 
24-Hour Chart with a continuous 
measurement of Smoke Density, gives 
a complete permanent record of per- 
formance—visual proof, in an unbeat- 
able pair, of your efforts to comply with 
the Air Pollution Control Ordinances. 


Now you can have such a record—and 
at a very moderate cost—with the new 
Bailey Running Time Recorder com- 
bined with the Bailey Smoke Density 


Recorder. 


You owe it to yourself to investigate 
this unique pair, exclusive with Bailey 
and designed to aid you in complying 
with the Smoke Control Requirements 


of your community. P37-1 
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“Buffalo” Absorption Type Washer for removal and 
recovery of soluble gases, vapors, and mists before 
discharge into the atmosphere. 


YOUR AIR CLEANING PROBLEM 
IS OUR SPECIALTY! 


Here at Buffalo Forge Company, we have been clearing up industrial 
effluents since the earliest days of air cleaning. Many of the pioneer units 
— “Buffalo” Air Washers — are still on the job after nearly sixty years. 
Most cleaning problems require the special engineering knowledge and 
equipment which “Buffalo” has developed over all these years. 


“BUFFALO” KNOW-HOW AND EQUIPMENT 
HAVE CLEARED UP THESE EFFLUENTS 


coke breeze ¢ 1000° corrosive gases 
S$O2 or SOs process gases (recovered) 
heavy dusts ¢ rock dusts ¢ electric furnace fumes 
tar vapor ¢ lampbliack ¢ metallic fumes 
soluble gases, vapors, mists 


“Buffalo” builds units for practically every type of nuisance or pollution 

problem — Air Washers, Hydraulic Scrubbing Towers, Hydro-Volute ay. ¥ 

Scrubbers, Rotary Gas Scrubbers, Gas Absorbers, Exhausters and Pumps — * 

all engineered for the job and thoroughly proven. Your nearby “Buffalo” 

Air Engineer is ready to give you competent recommendations. high or 
which ordinary units cannot handle, 


WRITE FOR BULLETINS AP-225, AP-425, 
AP-525, 3181-B and 2424-F, 


Ventilating @ Air Cleaning @ Air Tempering 
Induced Draft @ Exhausting @ Forced Draft 
Cooling @ Heating @ Pressure Blowing 
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For Dust Collection... 


Western Precipitation 
presents 
its latest development 


in a quarter-century of 


continuous advancement 
in Mechanical Collectors 


... The “9VGR” 
MULTICLONE! 


ae 


Over 25 years ago NEW 9VGR FEATURES... 
1. No need for continuous The proven superiority of 
CAST IRON TUBES and VANES! 


pioneered the high-efficiency multiple- 


tube principle that has proven so 2. Easier and less costly to Through the years, others have 
superior it is now the pattern for insulate. tried special alloy steels and so- 
the industry. 3. Minimum dust stratification. “miracle” noth- 
; ing has proven as satisfactory in 

The Multiclone continues to be years 4. Improved dust distribution to . ? vd 


actual field service as cast iron. In 


ahead of all other centrifugal collectors all tubes. the past quarter-century more 


because it incorporates the invaluable 


Mm cai sacihaltite hth 5. Simpler installation, lower than 270,000 Multiclone tubes 
erection costs. have been placed in service with 
tian that is further cman 6. Freedom from leakage at all less than 1.85% replacement —a 
by introduction of the 9VGR Multiclone, critical points so that full performance record unequalled in 


collection efficiency is obtained. the industry! 


another important milestone 
in Multiclone’s quarter-century of There are many other advantages built into the 9VGR. There 
outstanding performance. is a Multiclone representative near you who will be glad to 


supply complete details. Or write direct, asking for your 
free copy of Bulletin #M209 which contains full details. 


Designers and M ee ot ipment for Collection of Suspended Material from Gases 
and Process Industries 


Western Precipitation Corporation 


COTTRELL Electrical Precipitetors Main Offices: 1036 WEST NINTH STREET, LOS ANGELES 54, CALIFORNIA 

eee yb ae Chrysler Building, New York 17 » 1 North La Salle Street Building, Chicago 2 + Oliver Building 

DUALAIRE. Reverse Jet Filters Pittsburgh 22 3252 Peachtree Road N. E., Atlanta 5 Hobart Bullding, San Francisco 
HOLO-FLITE Processors Precipitation Company of Canada Ltd., Dominion Square Buliding, Montres! 


Representatives in all principal cities 
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"You're kidding! Cut housekeeping costs 20%?” 


You heard right! Many firms have been getting 20% 
lower housekeeping costs after installing Pangborn 
Dust Control in their plants. That’s because Pangborn 
Collectors trap dust controlled at the source... won’t 
permit uncontrolled dust to settle on walls, floors, 
working surfaces. Of course, we can’t promise your 
housekeeping costs will drop as much as 20%. But 
less painting, sweeping, washing can cut your overall 
maintenance costs 5%, 10%, 15% or even more. 
What’s more, Pangborn gives you other benefits of 
longer machinery life, higher employee efficiency, 


extra profits from any salvage value and better employee 
and community relations, And Pangborn offers a com- 
plete line of dust collectors for all jobs. 

Discover how you can profit from Pangborn Dust 
Control! Write for Bulletin 922 to PANGBORN CORP., 
4800 Pangborn Blvd., Hagerstown, Md. Manufacturers 
of Dust Control and Blast Cleaning Equipment. 
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AAF Cupola Dust Control 


Spreads to 4 States in 1 Year! 


AMERGw collector selected by six foundries 


In just one short year, the AAF AMERclone 

has become an accepted solution for control of 

* cupola dust. The reasons: reasonable cost, better 

collection on fine particles and elimination of 
corrosion. 

AMERclone gets the particles that cinder 

catchers miss—the small particles that create big 

problems. One AMERclone system handles two 


Aw Bitter 


COMPANY, INC. 
256 Central Avenue, Louisville 8, Kentucky 
American Air Filter of Canada, Ltd., Montreal, P. Q. 
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cupolas alternately . . . permits full-time use of 
equipment. Dust and cinders are collected dry, 
which simplifies disposal and prevents corrosion 
of collection system. 


For complete product information, call your 
nearest American Air Filter representative or 
write direct for AMERclone Cupola Bulletin 
No. 292. 


IMinois 
Heating Specialties 


Herman Nelson 
Portable Heaters 


—— BETTER AIR IS OUR BUSINESS —— 


AAF Electric 
Furnace Hoods 
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Status Report On Auto 
Exhaust Control Research - - 1957* 


ANDREW H. ROSE, JR. and DAVID G. STEPHAN 
U. S. Department of Health, Education and Welfare 


It is recognized that one of the 
more significant sources of air pollu- 
tion, and one which is of continued 
growing national concern, is the in- 
ternal combustion engine. While both 
gasoline and diesel engine exhausts 
contribute to the air pollution prob- 
lem, the over-all significance of the 
diesel contribution is minimal be- 
cause of the large ratio of gasoline to 
diesel fuel consumption. “) There 
is, however, a local nuisance problem 
associated with the odor and visible 
smoke emission from diesel vehicles. 

Research on the composition of 
automotive exhaust gases has indicat- 
ed, in addition to solid particulates 
and the normal products of combus- 
tion, the presence of hydrocarbons, 
acetylenic compounds, aldehydes, or- 
ganic acids, oxides of nitrogen, and 
other materials foreign to the unpol- 
luted atmosphere. These contamin- 
ants, diluted to appropriate concen- 
trations and irradiated with sunlight, 
have been demonstrated to produce 
typical manifestations of air pollu- 
tion, viz., eye irritation and sympto- 
matic plant damage. 


Areas of Research 


Ideally, the attack on the solution 
to such .a problem would be carried 
out in two stages: 

1. The determination of the 
specific contaminants 
volved in smog formation and 
the establishment of threshold 
values as well as maximum al- 
lowable atmospheric concen- 
trations for these contamin- 
ants. 

2. The development and eval- 
uation of control devices, 
equipment modifications, and 
/or operating techniques 
which would eliminate this 
source as an air pollution con- 
tributor. 


*Presented at the 50th Annual Meeting of 
The Air Pollution Control Association 
held at St. Louis, Mo., June 2-6, 1957. 
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Robert A. Taft Sanitary Engineering Center 


Cincinnati, Ohio 


In practice, however, the isolation 
of key contaminants and the deter- 
mination of their respective threshold 
values have lagged behind the grow- 
ing seriousness of the problem. 
Hence, a simultaneous attack on both 
stages has been necessary. The ab- 
sence of adequate information con- 
cerning the specific contaminants in- 
volved in smog formation and the 
lack of data as to threshold concen- 
trations have necessitated that con- 
trol device development be based on 
a reduction of total contaminant dis- 
charge rather than on the elimination, 
or at least minimization, of specific 
components in the exhaust gases. 

As a prerequisite to the develop- 
ment of a control method, average 
driving patterns must be determined, 
as well as exhaust composition and 
exhaust rate during each driving 
cycle, so that the magnitude of con- 
taminant discharge for each operat- 
ing phase may be established. On 
the basis of such data, the most ef- 
fective control method may then be 
applied. 

Control techniques which have 
been considered are modifications of 
fuel, changes in engine design, ap- 
plication of induction or exhaust de- 
vices, and the introduction of new 
engine principles. 


Modification of Fuel 


Modifications of the fuel itself are 
being evaluated to determine possible 
resultant reductions of contaminant 
discharge. Liquefied petroleum gas, 
alcohol or alcohol-gasoline blends, 
and low olefinic-content gasolines aré 
being considered as substitute fuels; 
additives for improving the combus- 
tion efficiency of present gasolines 
may also be included within this cate- 
gory. 

Change in Engine Design 

Modification of engine components 
can produce at least partial reduction 
of contaminant discharges. Such 
modifications of a major nature in- 
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clude improvement in intake mani- 
fold design, recycle of exhaust gases, 
changes in basic carburetor design 
(e.g., pressure carburetion), mechan- 
ical dispersion or preheating of fuel, 
and improvement of combustion 
chamber design. Further, minor mod- 
ifications falling within this category 
are use of hotter spark plugs, re- 
duction of valve overlap, and instal- 
lation of leaner carburetor jets. 

As a corollary to engine modifica- 
tion as a control technique, the ap- 
plication of optimum maintenance 
practices has been indicated by some 
data to produce significant reductions 
in hydrocarbon emissions. Classed 
in this category would be such items 
as proper carburetor adjustment, 
proper timing adjustment, minimiza- 
tion of blowby, and cleaning, adjust- 
ment, and necessary replacement of 
components of the ignition and fuel 
systems. 


Application of Induction Devices 


Mechanisms added to the intake or 
induction side of the engine are gen- 
erally referred to as induction de- 
vices. Basically these devices are de- 
signed to limit vacuum or fuel flow 
during deceleration, and they include 
idle fuel cutoffs, throttle dashpots, 
and manifold vacuum controls. 


Application of Exhaust Devices 


Exhaust devices process the ex- 
haust stream directly to accomplish 
the removal or destruction of con- 
taminants in the effluent gas. Prin- 
ciples employed here are generally 
afterburning, catalytic oxidation, ab- 
sorption, adsorption, filtration, con- 
densation, electrostatic precipitation, 
and chemical neutralization. 


Introduction of New Engine Principles 


A final possibility is the introduc- 
tion and acceptance of new engine 
principles. Often mentioned are fuel 
injection engines and gas turbines. 
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Present Status of Research 


Organizations of widely diversified 
interests have contributed to the work 
accomplished to date in automotive 
emission control. Groups involved 
include air pollution enforcement 
agencies, research institutes, univer- 
sities, the automotive and petroleum 
industries, numerous private com- 
panies and individuals, and agencies 
of the Federal Government. 


Enforcement Agencies 


Perhaps the organization most 
crucially concerned with the auto ex- 
haust problem is the Los Angeles 
County Air Pollution Control Dis- 
trict, since in the Los Angeles area 
alone have smog episodes, ascribed 
to the previously mentioned photo- 
chemical reactions, occurred with reg- 
ularity. Much of the preliminary 
work in the field of auto exhausts has 
been performed by Los Angeles 
County. (While not having under- 
taken specific research projects, it is 
of interest to note that other local 
enforcement agencies, e.g., in Cincin- 
nati, Ohio and New York City, N. Y., 
recently have shown increased inter- 
est in the curtailment of engine ex- 
hausts. ) 


Work by the Los Angeles County 
Air Poliution Control District has re- 
sulted in estimates of the actual rates 
of exhaust discharge from automo- 
biles during each cycle of their op- 
eration. ‘2) Analyses, again made 
during individual operating cycles, 
have indicated the exhaust concen- 
trations of carbon monoxide, carbon 
dioxide, and oxygen, and the con- 
centrations of groups of components 
such as_ hydrocarbons, acetylenic 
compounds, oxides of nitrogen, and 
lower aldehydes. ‘?) Measurements 
of particulate emission rates have also 
been made. ‘*) In addition, a study 
was made of the average Los Angeles 
driving pattern in which the percent- 
age of total driving time for each 
driving cycle (acceleration, cruise, de- 
celeration, and idle) was deter- 
mined.‘?) From the above data, assess- 
ment of the total automotive emis- 
sions to the Los Angeles atmosphere 
has been made. ‘*) Also, in March 
of this year, a Conference on the 
Catalytic Decomposition of Vehicular 
Exhaust was sponsored jointly by the 
District and the Air Pollution Foun- 
dation. At this closed conference, 
papers were presented on the causes 
of smog, ‘) the relationship of auto 
exhaust to smog, ‘© the legal aspects 
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of exhaust control, ‘?) the capabilities 
and limitations of oxidation catalysts 
for organic matter, ‘*) and the use of 
catalysts to decompose nitric oxide in 
auto exhaust. ‘*) 


The present automotive exhaust re- 
search program of the Los Angeles 
County Air Pollution Control Dis- 
trict consists of three phases: ‘° 
(1) basic research, (2) evaluation of 
total pollution, and (3) testing of 
proprietary devices. 


Basic research projects which are 
being conducted by the Los Angeles 
County Air Pollution Control Dis- 
trict are: , 


(1) Relationship between fuel 
compositions and _ their 
smog - forming capabilities. 
(Preliminary report pre- 
sented March, 1957) 


(2) Effect of fuel composition 
on the composition of ex- 
haust. 


(3) Effect of compression ratio 
on the formation of oxi- 
dants. 


(4) Catalytic decomposition of 
exhaust hydrocarbons. 


(5) Catalytic decomposition of 
oxides of nitrogen. 


(6) Analysis of vapor and gas 
phase photochemical reac- 
tions of types possible in 
exhaust mixtures. 


(7) Determination of the ratio 
of formyl compounds in 
smog produced by auto ex- 
haust. 


(8) Combustion conditions con- 
ducive to formation of ox- 
ides of nitrogen. 


(9) Sources of hydrocarbon 
emissions other than those 
from the idle circuit. 


(10) Engine conditions as re- 
lated to exhaust composi- 
tion. 


(11) Use of LPG in relation to 


exhaust composition. 


Studies constituting the evaluation 
of total pollution, which are either 
in progress or under consideration, 
involve a reassessment of the average 
driving pattern in Los Angeles Coun- 
ty, the measurement of average evap- 
oration losses from automobiles, and 
the establishment of ideal mainten- 
ance standards for Los Angeles auto- 
mobiles. 


The program of the Los Angeles 
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County Automotive Combustion Lab- 
oratory to date has dealt primarily 
with the testing of emission control 
devices. Such mechanisms include 
catalytic mufflers, afterburners with 
and without ignition devices, decel- 
eration fuel shut-offs, manifold vacu- 
um breakers, manifold vacuum lim- 
iters, carburetor isolating valves, 
gasoline additives to promote com- 
bustion, ozone generators to pro- 
mote combustion, catalysts to pro- 
mote combustion, carburetors of 
new design, various atomizers and 
vaporizers, and exhaust scrubbers 
and filters. A report on the status of 
induction devices tested by this lab- 
oratory was recently presented. ‘!?) 
This work will continue to be an im- 
portant part of the Automotive Com- 
bustion Laboratory program. Initial 
testing has been done with a dyna- 
mometer engine, but, as devices ap- 
proach final development, Los An- 
geles County authorities believe that 
road testing must supplement the 
dynamometer test work. .To date, 
no device has been approved by the 
Los Angeles testing laboratory as be- 
ing acceptable for the control of auto- 
mobile exhaust emissions. 


Research Institutes 


Research organizations such as the 
Air Pollution Foundation, Southwest 
Research Institute, Stanford Research 
Institute, Midwest Research Institute, 
Armour Research Foundation, and 
the Franklin Institute have done work 
in this field. At research institutes, 
studies have been completed concern- 
ing automobile exhaust particulate 
discharge, ‘*) the composition of 
auto exhaust and its photolysis prod- 
ucts, ‘'4) evaluation of catalytic ex- 
haust converters, feasibility 
studies of control methods for auto- 
mobile exhausts, ‘'®) effects of hydro- 
carbon type on eye irritation and 
oxidant formation, “) eye irritation 
from irradiated auto exhaust, ‘®) 
and reactions of auto exhaust in sun- 
light. 

A field evaluation of a catalytic ex- 
haust converter, performed early in 
1955, ‘5 led to the conclusion that 
the catalytic muffler studied, in its 
present embodiment, is not sufficient- 
ly rugged and long lived for use as 
a partial solution to the Los Angeles 
smog problem. A feasibility study of 
a number of exhaust control methods 
was also carried out in 1955. The 
report on this subject evaluates econ- 
omically the proposed stop-gap pro- 
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cedures for solution of the exhaust 
problem and reviews the status of 
proposed control devices. 

Projects currently in progress at 
the various research institutes involve 
studies of the composition of exhaust 
vases, ‘7° studies of the effect of ex- 
haust gas on plants and on rubber 
cracking, ‘?°) studies of the reactions 
of people to irradiated and non-irrad- 
iated exhausts, (22) and studies to 
determine what reduction in exhaust 
contaminants is needed to reduce 
smog markedly and whether a con- 
current reduction in oxides of nitro- 
ven emission is required. ‘?*) 
Universities 

A great deal of the work on funda- 
mental air chemistry and the smog re- 
action has been done by the universi- 
ties and their research foundations. 
However, work on the control aspects 
of the auto exhaust problem has not 
heen so widespread at the academic 
level. The California Institute of 
Technology and the University of 
California at Los Angeles apparently 
are the only two universities which 
have entered this field. At present, 
air chemistry work is continuing, in- 
cluding basic studies of oxygen-nitro- 
gen reactions. ‘°4) A new air re- 
source test facility for auto exhaust 
work is being built ‘?5) and emission 
control work is now proceeding along 
at least three lines: afterburner 
studies, development of an exhaust 
scrubber, and use of water injection 
to alter exhaust gas composition. ‘?°) 


Automotive and Petroleum Industries 


Research laboratories of the auto- 
mobile and petroleum companies 
have been studying the internal com- 
bustion engine air pollution problem 
since the 1920’s. This work was done 
by individual companies and dealt 
primarily with carbon monoxide, 
toxic lead compounds, and visible 
smoke. However, no concerted ac- 
tion by industry was taken until the 
arrival of smog in the Southern Cal- 
ifornia area. At present, the auto- 
motive and petroleum industries, 
through the Coordinating Research 
Council and the Automobile Manu- 
facturers Association, are continuing 
to do research on automotive ex- 
hausts. Findings are pooled on a 
noncompetitive and non-profit basis 
through a cross-licensing agreement 
similar to that employed in the de- 
velopment of the sealed-beam head- 
light. 

The Coordinating Research Coun- 
cil has two sustaining members, the 
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Society of Automotive Engineers and 
the American Petroleum Institute; 
the Council coordinates joint research 
endeavors of the automotive and pe- 
troleum industries to integrate fuel 
development with vehicle design. The 
Automobile Manufacturers Associa- 
tion, on the other hand, is a trade 
association of the automobile indus- 
try alone. Engine exhaust studies by 
the CRC and the AMA are interrelat- 
ed through numerous joint commit- 
tee memberships. 

Projects conducted by the auto- 
motive and petroleum industries to 
date have included: ‘?*.?7) 

(1) Development of a mobile, 
continuous infrared anal- 
yzer for engine exhausts. 

(2) Development of instruments 
for measuring total intake 
air to an automobile engine. 

(3) Design and evaluation of 
numerous induction devices. 

(4) Performance of a prelimin- 
ary field survey of 50 auto- 
mobiles in the Los Angeles 
area to determine exhaust 
compositions, exhaust rates, 
driving patterns, etc. 

(5) Execution of a survey of the 
exhaust-control literature. 

(6) Studies of the effect of en- 
gine modifications and fuel 
composition on exhaust 
characteristics. 

(7) Preliminary testing of a 
number of proposed ex- 
haust conversion catalysts. 

(8) Studies of flame quenching 
in the cylinder and its effect 
on unburned hydrocarbon 
emission. 

(9) Testing of proprietary con- 
trol devices. 

(10) Estimation of the magni- 
tude of hydrocarbon and 
oxides of nitrogen emissions 
from auto exhausts in the 
Los Angeles area. 

(11) Calculation of the percent- 
age contribution of each 
driving cycle to the total 
hydrocarbon emission from 
auto exhausts. 

(12) Determination of the source 
of hydrocarbon emission 
during deceleration when 
the idle fuel supply is cut 
off. 

(13) Conduct of two traffic sur- 
veys in the Los Angeles area 
(May, 1956 and January, 
1957) to determine driving 
patterns on the basis of both 
manifold vacuum and actual 
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car motion. 


In November and December. 
1956 an extensive field survey was 
conducted in the Los Angeles area. ‘*®? 
A sufficient number of auto- 
mobiles were chosen, on a statistical 
basis, so that results of exhaust anal- 
yses and rate measurements, and de- 
termination of average driving pat- 
terns will be known with a 95% con- 
fidence level. Results of this survey 
are now being analyzed. ‘") If, 
based on these tests, it is determined 
that a manifold vacuum control de- 
vice effective during the deceleration 
cycle will result in a satisfactory re- 
duction of hydrocarbons, it is antic- 
ipated that such devices can be 
furnished by the auto industry as 
accessory equipment. ‘?7) 


Probable next areas of investiga- 
tion by the Coordinating Research 
Council ‘2% will be, first, studies of 
the oxides of nitrogen, including de- 
velopment of analytical instrumen- 
tation and research on the operating 
conditions affecting emission of these 
compounds, and, second, studies of 
how fuel, lubricant, engine, end op- 
erating variables affect emission of 
specific organic components. The 
rapidity with which these programs 
will be pursued, however, will depend 
upon the development of appropriate 
analytical techniques and upon the 
final apportionment of responsibility 
of specific organic compounds for 
smog formation. 


Research areas which are now be- 
ing expanded by the CRC ‘**) are, 
first, studies of the effects of main- 
tenance practices on exhaust emis- 
sions, and, second, studies of the ef- 
fects of existing component modifica- 
tions (e.g., leaner fuel jets, hotter 
spark plugs, reduced idle settings, 
etc.) on exhaust. The CRC is also 
supporting research by the U. S. 
Bureau of Mines on development of 
exhaust analysis techniques. ‘7 

Three current study areas which 
are to be expanded by the Auto- 
mobile Manufacturers Association in 
the coming year are: ‘*°) 

(1) Development of both cata- 
lytic and non-catalytic ex- 
haust control devices. 

(2) Design and development of 
production models of induc- 
tion devices. 

(3) Application studies dealing 
with modification of exist- 
ing engine components. 

The Ethyl Corporation and the 

Western Oil and Gas Association 
have also recently reported work on 
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the effect of tetraethyl lead on 
smog) and effects of fuel compo- 
sition on auto exhaust ‘!) respec- 
tively. 


Private Companies and Individuals 


Development of control devices has 
been undertaken by a number of pri- 
vate companies as well as by in- 
dividuals. These companies are pri- 
marily carburetor suppliers, catalyst 
manufacturers, and firms organized 
solely for the manufacture and sale 
of such devices. Understandably, in- 
formation developed by private com- 
panies and individuals on proprietary 
control devices is rarely published 
and is not readily available. Papers 
have been presented in the last sev- 
eral months, however, concerning 
both catalytic mufflers ‘5?) and direct- 
fired afterburners. ‘**) 

It is known that a large number of 
control devices have been invented, 
(10,34,35,36,37,38,39) but none as yet are 
known which have been found to be 
completely satisfactory on testing. 
(10,15,16,17,26) fuel shutoffs and 
manifold vacuum. controls are com- 
mon among these devices. Others in- 
clude improved carburetor designs, 
additives, exhaust recycle systems, 
afterburners, and catalytic mufflers. 
Several companies are working on 
catalyst development for use in ex- 
haust converters and at least one con- 
cern is now developing container ma- 
terials for catalytic mufflers. 


Agencies of the Federal Government 


Through research grants and con- 
tracts with research organizations 
and individuals and through inter- 
agency fund exchanges, the Public 
Health Service has contributed to the 
research effort dealing with the auto- 
motive exhaust problem. The U. S. 
Bureau of Mines and the U. S. 
Bureau of Standards are both per- 
forming work under this latter fund- 
ing arrangement. These government 
agencies are conducting or sponsor- 
ing work in several fields. Work is 
now in progress on the development 
of methods for identifying and quan- 
titatively measuring almost any in- 
dividual constituent of internal com- 
bustion engine exhaust. ‘4 Em- 
phasis is on the identification and 
quantitative determination of hydro- 
carbons and oxygenated compounds. 
To make analytical techniques less ex- 
pensive, less complex, and simpler to 
operate, such techniques as vapor- 
phase chromatography are being ac- 
centuated rather than mass spectrom- 
eter procedures. 


With the development of analytical 
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methods, studies will be undertaken 
to relate exhaust composition to fuel 
composition and additives. ‘4° 

Since particulate matter represents 
one route by which hydrocarbons and 
other substances are released to the 
atmosphere, and since particulates 
may exert effects quite different from 
those of gases, an investigation of 
particulate emissions from  auto- 
mobile engines is now under way. ‘*?) 

Lastly, a project is being conduct- 
ed concerning the application of an 
electrostatic precipitator used in con- 
junction with radio-active treatment 
of automobile exhaust streams. ‘4?) 


Discussion 


The expressed urgency for a solu- 
tion to the air pollution problem has 
made mandatory a simultaneous at- 
tack on both the basic causes of air 
pollution and the development of con- 
trol techniques. While this procedure 
is a deviation from the ideal, it has 
become the only reasonable approach 
to an early alleviation of a condition 
which has the potential of becoming 
critical in certain areas. As a con- 
sequence, presently proposed automo- 
bile exhaust control techniques have 
been developed on the basis of a re- 
duction of total cotaminant discharge, 
without giving consideration to the 
effects of singular components of the 
discharge. Increased research on more 
basic aspects should, therefore, pro- 
vide the groundwork for more effect- 
ive control development. At this time 
data indicate two specific groups of 
chemical compounds, namely oxides 
of nitrogen and olefinic hydrocar- 
bons, contribute to the formation of 
smog. Emphasis to date has been on 
control of the hydrocarbons, but it is 
now felt that work on oxides of nitro- 
gen should be accelerated. 


While preliminary studies have in- 
ferred that over 60% of the total 
emission from auto exhausts occurs 
during deceleration, ‘#*) more recent 
but as yet unverified work. ‘?°?9) in- 
dicates that the magnitude of the con- 
tribution of the deceleration cycle 
may not exceed 30-35% of the total. 
Such a revision of background data 
could reduce the expected effective- 
ness of induction devices for the over- 
all reduction of automobile exhaust 
contaminants. Confirmation of these 
more recent data could, therefore, se- 
riously delay the satisfactory applica- 
tion of control devices, ‘since the 
short-range emphasis on equipment 
development has thus far been on in- 
duction devices. 
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Proposed Federal Action 
The Public Health Service has ini- 


tiated and is continuing to maintain 
liaison with the Automobile Manu- 
facturers Association, the Coordinat- 
ing Research Council, and the Los 
Angeles County Air Pollution Con- 
trol District regarding their progress 
in the automotive exhaust research 
field. In addition, plans are under 
way for a Public Health Service- 
sponsored Conference on the Auto- 
motive Exhaust Air Pollution Prob- 
lem, scheduled for October 3-4, 1957. 
The objectives of this Conference will 
be to discuss, from both technical and 
administrative standpoints, the test- 
ing protocols which are necessary in 
the evaluation of exhaust control de- 
vices, to critically evaluate present 
and proposed sampling and analysis 
techniques for auto exhaust, and to 
set forth those definitions in the field 
in need of standardization, coming 
to agreement if possible on them. If 
necessary, the group will constitute 
themselves an ad hoc committee to 
complete consideration and_ ac- 
complishment of these objectives. 
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Determining Organic Vapor Concentration In Air 


The effect of man-made and natural 
pollutants in air even in low concen- 
trations is well known. Intensive re- 
search is being conducted on the 
nature of these pollutants, their 
sources, and their effects. The need 
for a simple procedure for the deter- 
mination of them is evident. In 
order to combat many air pollution 
problems, the pollutants must be iden- 
tified and measured. This laboratory 
has developed a simple method of 
quantitative removal of volatile con- 
taminants (especially organic vapors) 
from air, with subsequent determina- 
tion by conventional analytical meth- 
ods. 


100% adsorption of contaminants 
may be accomplished by passing the 
contaminated air stream through a 
column of activated charcoal. How- 
ever, any water vapor present is ad- 
sorbed from the air along with the 
contaminants thus increasing the 
weight and thereby making gravi- 
metric determination impractical. No 
drying agent for water has been 
found which will not take up small 
amounts of contaminants, when both 
are present in air. 

In view of the above difficulties, it 
was decided to remove both the con- 
taminants and the water vapor from 
the air stream by condensation at low 
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temperatures with subsequent anal- 
ysis of the condensate by convention- 
al means such as a chemical proce- 
dure, or by infrared spectroscopy. A 
dry ice and acetone bath is a well 
known method of conveniently ob- 
taining moderately low temperature 
and this was found to be suitable for 
the complete condensation of vapors 
under consideration. Although liquid 
air and other coolants will produce 
much lower temperatures, they have 
not been found to be necessary to 
date. 


Apparatus and Reagents 
50 lb. dry ice. 
5 gal. acetone, commercial grade. 
Dry ice bath, flow-meter, etc. as 
shown in Fig. 1, 2 and 3. 


Procedure 
Description of Method 


A known amount of the air 
mixture (in this case 2 /./min. at 760 
mm. Hg and 20°C.) as measured by 
a flowmeter, is passed through the ap- 
paratus. Both water and contaminants 
are condensed out by means of the 
low temperature dry ice-acetone im- 
mersion bath, which maintains a con- 
stant temperature of approximately 
—77°C. The air mixture is first 
passed through an entrainment trap 
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for removal of any liquid entrained 
in the air stream. It then passes 
through 3 traps in series, each im- 
mersed in the dry ice-acetone bath 
which condenses and removes all the 
water and contaminants. If any con- 
taminant should pass these traps it 
will be adsorbed by the tube of ac- 
tivated charcoal which is placed at 
the discharge of the traps. (Since 
no gain in weight has been detected 
at the carbon trap, efficient and com- 
plete contaminant removal by the first 
3 traps is demonstrated). 

The contaminants present in the en- 
trainment trap and in the 3 cold 
traps may be determined by anal- 
ytical means. This weight of material 
(added to the weight, if any, of con- 
taminant adsorbed by thé carbon) 
will give the total for a given time 
and for a given volume of vapor mix- 
ture. 


Preparation of Apparatus (See Fig. |) 


Place apparatus close to the 
source of the air stream to be anal- 
yzed, and, (if possible) keep the vac- 
uum pump close to the apparatus. 

Insert inlet line (IL) into vapor 
stream, keeping inlet valve (IV) 
closed. 

Connect outlet line (OL) to vac- 
uum pump. Valve (OV) should be 
closed. 

Fill pressure regulators (P;, Po, 
P;) 34 full of water. 

Note: The flowmeter (F) is 

pre-calibrated for a flow of 2 1./ 

min. with a bulb charge of 25 

ml. of water which is usually 

colored by the use of a water 

soluble dye. 

Clean, dry and weigh entrainment 
trap (ET) and traps T;, Tz and Ts 
(see Fig. 2 and 3) using rubber seals 
on inlet and outlet of each trap while 
weighing. Assemble these traps on 
the apparatus and connect inlet line 
(IL) to inlet side of entrainment 
trap (ET). 

Fill carbon tube (CB) with dry, 
Type No. KE-1 (8 x 12 mesh, 50 min. 
activity) coconut charcoal and weigh, 
using rubber seals on inlet and out- 


-let. Assemble carbon tube on ap- 


paratus. 
Fill bath 2/3 full with acetone and 
add crushed dry ice slowly. Violent 
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evolution of carbon dioxide gas will 
take place until the temperature of 
the bath reaches approximately 
--77°C. The bath should be kept 
full of acetone and dry ice at all times 
and additional dry ice should be add- 
ed at 30 min. intervals in order to 
maintain a balance of approximately 
50% dry ice and 50% acetone in the 
bath. 
NOTE: 


(1) Do not allow the bath mix- 
ture to contact the skin at 
any time. 

(2) Fifty pounds of dry ice 
should be sufficient to op- 
erate apparatus for 8 hrs. 

(3) The dry ice-acetone mix- 

ture, after use, should be al- 
lowed to come to room tem- 
perature before confining in 
a closed vessel, since the 
CO, dissolved in the acetone 
can form excessive pressures 
if confined at _ elevated 
temperatures. 
Since acetone is inflam- 
mable, the usual precautions 
should be observed in order 
to prevent fires. 


Operation of Apparatus 


Check 
sure they are tight. 

Start vacuum pump (Cenco-Hyvac, 
or equivalent) and open inlet valve 


all connections to make 


(IV). By the use of both valve 


of APCA 


(3WV) and valve (OV) adjust flow 
at flowmeter to 2 |./ min. at the same 
time having a steady stream of bub- 
bles passing thru pressure regulators 
Po, Ps). 

Check time to the nearest minute. 

The apparatus is now in operation, 
and can be operated for a suitable 
period, up to the capacity of the traps 
(T;, T, and T;). Depending on the 
concentration of the contaminant in 
the air stream being tested, the test pe- 
riod may vary from 30 min. to several 
days. However, the governing factor 
will be the amount of contaminant 
condensed in T;, Tz and Ts. It is 
recommended that at least 10 g. of 
material be collected, unless micro 
analytical methods are used. 


Check flowmeter at regular inter- 
vals and the dry ice-acetone bath at 
30 min. intervals. 


If the air being sampled contains 
high concentrations of water vapor, 
the bell of trap (T,) may have a ten- 
dency to plug with ice (this is shown 
by a gradual falling off of air flow as 
indicated by the flowmeter). Gentle 
tapping of trap (T,) will usually 
cause this snow to fall to the bottom 
of the trap. Another source of plug- 
ging due to snow may be at the con- 
nections between traps. Any snow 
forming in these can be seen and 
quickly eliminated by the application 
of a few drops of warm acetone to the 
outside of the connections. 


Tests are usually run for 8 hrs. At 
the end of the test period, close inlet 
valve (IV) and valve (3WV), shut 
down the vacuum pump and close 
outlet valve (OV). 


Weigh entrainment trap (ET) and 
carbon tube (CB) using rubber seals 
as before. Raise traps (T;, T2 and T;) 
from bath; install rubber weighing 
seals, and allow traps to warm to 
room temperature, at which time they 
may be weighed. Keep rubber seals 
on traps after weighing. 


Determination of Contaminants 


After weighing traps (Ti, and 
T;) pour contents of all 3 traps into 
1 stoppered container. Add 10 ml. of 
distilled water to each trap, weigh 
again, swirl water in trap and pour 
contents into container. If certain 
of the contaminants are volatile at 
room temperature, the traps should 
not be disturbed until provisions are 
made for analyzing the gas phase of 
their contents. 

The entrainment trap (ET) is 
treated in the same manner if it has 


Fig. 3. Trap To and Ts. 
approximate.) 


(Dimensions are 


picked up any entrained liquid. How- 
ever, in the majority of cases no gain 
in weight will be noted for this trap, 
in which case it may be disregarded. 

The composite sample obtained 
from traps (T;, Tz and T;) and pos- 
sibly (ET) can then be analyzed for 
the particular contaminant or mixture 
cf contaminants being dealt with in 
the determination. 


It would not be practical to list the 
methods of testing for the various 
compounds in this report. The meth- 
ods for determination of most mate- 
rials are given in detail in the proper 
analytical literature. 

After the determination has been 
made, the following formula is used 
to calculate the concentration of 
vapor in the original mixture: 


Calculations 


Wt. Contaminant Trapped (G.) 
2i./min. x Time (Min.) 
Concentration of Contaminant (G./I.). 
(To convert from g./l. to lb./ft.3 
multiply by 0.0624). 


Discussion 


By the use of this method, quan- 
titative removal and subsequent anal- 
ysis of volatile contaminants in air 
streams has been demonstrated in 
numerous tests. The procedure is 
simple and effective and should prove 
a valuable analytical method for air 
pollution studies. 


Vol. 7, No. 2 


ir H ‘ ¢ 
2 € 

| 
ined 
sses 
im- 
the 
con- € 
s it 

€ 
ince 
cted ° 
om- 
sold 
nal- 
rial 
on) 
ime 
nix- 
|) 
the 
nal- 
yac- 
3. 
por 
lV) 
vac- 
| be 
P2, 
5 
y 
ent 
Ts 
eals 
hile 
on 
line 

iry, 
nin. 
igh, 
out- 
ap- 
and 
lent 
NAL 87 


The exposure of lime-treated filter 
papers under protection of wooden 
shelters as an inexpensive and reliable 
technique to detect atmospheric fluor- 
ides and to delineate areas of fluoride 
pollution was first proposed by Mil- 
ler, et al.”) These authors found an 
excellent statistical relationship be- 
tween the fluoride accumulated by the 
chemically treated filter papers ex- 
posed to the atmosphere for 4 week 
periods and the forage fluoride levels 
accumulated for the same interval. 
This relationship was particularly reli- 
able when the forage fluoride levels 
found were above 20 ppm. Robinson ©? 
has recently reported studies concern- 
ing the relative effectiveness of fluor- 
ide absorption by lime-treated filter 
papers unprotected by shelters in 
ambient fluoride-polluted air as com- 
pared with similar papers exposed 
within experimental greenhouses 
through which the outside air was 
circulated at a constant flow rate. 
Unexplained differences in accumulat- 
ed fluorides were observed under 2 
conditions of exposure. Ost'*) sus- 
pended unsheltered lime-treated cloths 
in trees for 5 to 7 months. Mac- 
Intire, et al.) reported the use of 
Spanish moss (Tillandsia usneoides) 
suspended in trees, both sheltered and 
unsheltered, as a means of concentrat- 
ing atmospheric fluorides. Wander 
and McBride‘) have recently used 
Spanish moss in their studies of 
atmospheric pollution in Florida. 
Compton and Remmert'® have util- 
ized potted buckwheat and cabbage 
plants as accumulators of fluorides. 
In each technique the various authors 
have determined the fluoride content 
of the absorbing medium. The vary- 
ing fluoride levels found have been 
reported as a measure of the relative 
intensity of fluoride pollution at the 
sampling site for the absorbing pe- 
riod. 

Methods utilizing plant material of 
various types have some of the fol- 
lowing disadvantages: they require 
watering and care, a source of supply 
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is not :lways readily available, they 
cannot be used in the winter in many 
areas, they may be injured or de- 
stroyed by insects or disease, space 
and additional manpower are re- 
quired to plant and care for speci- 
mens to the stage of maturity re- 
quired for exposure, etc. Unsheltered 
absorbers, both plants and chemically 
treated surfaces, may be subjected to 
variations such as washing by rain or 
loss of accumulated fluorides through 
attrition by winds. Sheltered, non- 
living absorbers obviate these disad- 
vantages. 


This present communication is a 
report of (1) comparative fluoride 
levels accumulated by lime-treated 
filter papers exposed in duplicate 
shelters, (2) the statistical relation- 
ship at each of 20 exposure sites be- 
tween the average monthly filter paper 
fluoride level for the growing season 
and the total fluoride level accumu- 
lated in heterogeneous ground cover 
vege:ation at each site during the 
growing season, and (3) the reliabili- 
ty of the lime-treated filter paper 
technique in measuring the relative 
intensity of fluoric pollution from one 
year to another. 


Materials and Methods 


The shelters in which the treated 
papers were exposed were essentially 
as recommended by Miller, et al.) 
with the exception that plastic clothes 
pin: which supported the treated filter 
pap:r at top and bottom were at- 
tach 2d to 34 in. x 34 in. wooden strips 
nailed to each end of the shelter 
rather than suspended from wires. 
This modification yielded consider- 
able stability to the filter paper racks 
and permitted greater ease in chang- 
iig papers at the conclusion of each 
exposure period. Each box contained 
14 filter papers — 7 on each side in 2 
parallel lines. The boxes were sup- 
porfed approximately 514 ft. above 
the ground, by stakes and were lo- 
cited away from roads or other local 
sources of dust. Care was taken in 
the selection of exposure sites to lo- 
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cite the exposure shelters at a dis- 
tance at least 5-10 times the height 
of nearby trees or buildings away 
from these obstructions. 


The lime-treated papers were pre- 
pered by dipping Whatman No. 1 or 
2, 11.0 cm. filter paper in lime water 
(10 g./l. of Fisher low in fluorine 
lime). This represents a 64% re- 
duction in the lime concentration 
recommended by Miller et al.) This 
change was found desirable since it 
produced a paper less subject to the 
flaking off of excess lime. following 
drying. The wet, impregnated papers 
were laid in a large Pyrex tray, 
drained of any excess lime water, and 
dried in a forced-draft oven at 
50-60°C. 

Treated and exposed filter papers 
were changed on the first day of each 
month unless otherwise stated and the 
total fluoride found was corrected to 
the equivalent of a 30 day month. 
The exposed papers were dried at 
50°C. for 24 hr. and weighed. The 
papers were then placed in inconel 
crucibles, 0.25 g. of additional lime 
low in fluorine and water added to 
produce a slurry. The crucibles and 
contents were heated to dryness on a 
hot plate and initial charring of the 
paper achieved under infrared lamps, 
care being taken to prevent flaming 
of the paper. The partially ashed 
papers were then placed in a muffle 
furnace at 600°C. for 30 min. Fluor- 
ine was determined by distillation of 
the ash from perchloric acid by a 
modified AOAC procedure?) and the 
distillate titrated by a modified 
Smith-Gardner-Williams high 
thorium titration.‘*) Results were re- 
ported as ppm. fluoride in the absorb- 
ing medium.* 

At the end of the 1954 growing sea- 
son a sample of ground cover vegeta- 
tion available at each of 20 exposure 


* The manner in which results are reported 
has been altered since preparation of 
this manuscript. Results are currently 
reported as ug. of fluoride/cm.? of ex- 
posed surface of the absorbing medium. 
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TABLE | 


Comparison of Fluoride Content of Lime Papers Exposed 
in Duplicate Exposure Shelters 


Number of Exposure Sites 


5 


Number of Exposure Shelters at Each Site 2 


Number of Duplicate Samples 


29 


Mean Difference Between Duplicate Shelters, % 8.7 


Standard Deviation, % 
Range of Differences, % 


5.2 
1-8 - 19.2 


sites was obtained for fluorine anal- 
ysis. Fluorine in the vegetation was 
determined by slightly modified so- 
dium hydroxide fusion methods of 
Remmert, et al.) and Rowley, 
et al. 2° The vegetation distillates 
were titrated by the same procedure 
used in the analysis of the exposed 
filter papers. 


Results and Discussion 


(1) Comparative fluoride 
levels in duplicate shelters 


Duplicate filter paper shelters were 
established at 5 locations within an 
area surrounding a known source of 
atmospheric fluorides. The shelters 
were carefully oriented along the 
same axis and at the same height 
from the ground at each of the lo- 
cations. In each instance the axis 
along which the papers were hung 
within the shelter was perpendicular 
to an imaginary line drawn between 
the source and the shelter site. The 
exposure period for all samples re- 
ported was 1 calendar month. All 
of the exposed papers from each shel- 
ter were treated as a single sample 
and the average ppm. fluoride ac- 
cumulated in the treated papers for 
each exposure shelter compared with 
its duplicate shelter. Statistical data 
indicating the reproducibility of re- 
sults obtained from the duplicate ex- 
posure shelters for a 6 months period 
is shown in Table I. These data show 
that under similar conditions of ex- 
posure only small differences in 
fluorine content may exist between 
duplicate shelters. 


(2) Curvilinear relationship between 
average monthly lime paper fluoride 
levels and fluoride accumulated in 
herbage during the growing season 


Twenty-two exposure sites were lo- 
cated within another area containing 
known sources of fluoride pollution. 
Lime papers were exposed and anal- 
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yzed on a monthly basis throughout 
the growing season of 1954, May 
through September. A sample of the 
available heterogeneous herbage avail- 
able at each of the exposure sites was 
obtained on October 1, 1954, and the 
fluoride content determined. Late 
summer grass fires prevented obtain- 
ing vegetation samples at 2 of the 
exposure sites. 

Linear and curvilinear regressions 
were calculated for the relationship 
between the average monthly lime 
paper fluoride levels and the total 
fluoride accumulated by the vegeta- 
tion throughout the entire growing 


season for the 20 exposure sites where 
complete data was available. The 
curvilinear relationship showed a 
significant improvement in relation- 
ship between the variables. These 
results are summarized in Tables II 
and III and are graphically presented 
in Fig. 1. 

The correlation between the fluor- 
ide in the lime papers and the ground 
cover vegetation for a wide range of 
fluoride exposure levels (3.6-139.6 
ppm. F. in lime paper and 13-163 
ppm. F. in vegetation) is quite high, 
as indicated by the r value of + 
0.922. This r value is well in excess 
of that required for confidence at the 
1% probability level. From these 
data, it is apparent that even the 
fluoride content of heterogeneous her- 
bage accumulated throughout the en- 
tire growing season can be predicted 
with a reasonable degree of accuracy 
from the average monthly fluoride 
content of lime papers exposed dur- 
ing the growing season. 


(3) Lime paper technique in measur- 
ing relative fluoride pollution 
levels from one year to another 


Lime filter papers were again ex- 
posed at the same 22 locations men- 


TABLE II 


Curvilinear Correlation Between Fluorine in Lime Papers and 
in Ground Cover Vegetation 


xX 
Average Monthly 
Lime Paper Fluoride 
Level (ppm. 


Fluoride Level 


Y ¥ 
Accumulated Predicted Fluoride 
Level in 
Vegetation 


(ppm. F-) 


in Vegetation 
(ppm. F-) 


21 
* 


BSSRABER +S 


*Samples unobtainable due to grass fire. 


N 20 


r + 0.922 
y = + 18.1 ppm. F- 
Y = 15.731545 + 2.087458X — 0.007404X2 


Standard error of estimate 
Curvilinear regression equation 
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ppm F*(dwb) IN GROUND COVER VEGETATION, 1984 


2040 6080100120140 
AVERAGE MONTHLY ppm F™ IN EXPOSED, LIMED PAPER 
Fig. 1. Curvilinear relationship between 
fluoride leveles in lined filter paper and 
ground cover vegetation at 20 exposure sites 
in 1954. 


= 15.731545 + 2.087458 x —0.007404 x? 
r= + 0.922 


tioned above during the 1955 grow- 
ing season. The first exposure period 
commenced on May 15, and contin- 
ued until June 15. Three 15 day ex- 
posure periods followed. Exposures 
for August and September were made 
on a monthly basis. All lime paper 
fluoride levels were converted to an 


TABLE Ill 


Comparison of Linear and Curvilinear Correlations Between 
Fluorine in Lime Papers and in Ground Cover Vegetation 


d.f. 


SS. 


Total 

Linear Regression 
Quadratic Regression 
Residual 


39436 
31615.58 31615.58** 
1903.72 1903.72* 
5916.70 348.04 


*P < 0.05 


r (linear correlation) + 0.887 
r (curvilinear correlation) + 0.922 


equivalent 30 day exposure basis. Ex- 
posure sites 14 and 17 were chosen 
by reason of their elevation and lo- 
cation as being representative of 
background fluoride levels which 
might accumulate on the limed paper 
from fluoride-containing dust normal 
to the region. The average fluoride 
level found in the limed papers ex- 
posed during 1955 was 1.6 ppm. This 
average background fluoride level 
was subtracted from all of the fluor- 
ide levels found at the other sampling 
sites, to give an indication of the pro- 


TABLE IV 


portion of the accumulated fluorides 
which might be due to atmospheric 
pollution in contrast to the normal 
fluoride content of the air. Table IV 
records the comparison of the aver- 
age monthly fluoride level for each of 
the exposure sites in 1954 with sim- 
ilar levels for 1955 and the corrected 
levels for each of these sites. The 
data from the 22 exposure sites in- 
dicates that an average reduction of 
65.2% in fluoride pollution was ex- 
perienced throughout the survey area. 
A consideration of the average lime 


Comparison of Average Fluorine in Lime Papers in 1954 and 1955. 


Approximate 
Distance 
From Major 
Source (miles) 


Exposure 
Site No. 


Average Monthly 
Lime Paper 
Fluoride Level 


1954 


1954 Average Monthly | 1955 
Average Monthly 
Lime Paper 
Fluoride Level 


Lime Paper 
Fluoride Level 
Corrected For Back- 
ground (ppm. F-) 


1955 
Average Monthly 
Lime Paper 
Fluoride Level % 


Corrected For Back- 
ground (ppm. F-) 


Decrease 
1954-1955 


Ne 


Average % decrease in lime paper fluoride level at 22 sites. 


*Average % decrease in lime paper fluoride level at the 5 sites within a similar topographical area as the alleged source. 
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paper fluoride levels at the 5 ex- 
posure sites located north and east of 
the major alleged fluoride source and 
within the same topographical area 
indicates a 71.0% abatement in the 
fluoride pollution level at these sam- 
pling sites from 1954 to 1955. 

Wind data obtained from the near- 
«st U. S. Weather Bureau station sub- 
‘ected to similar macrometeorological 
influences are summarized in Table 

It will be noted that winds from 

‘J to ESE, which would influence the 
’ selected sites, comprised 66.7% of 
ioe winds in 1954 and 66.0% in 
955. It is apparent from this con- 
- deration that the observed diminu- 
on in fluoride pollution reflected by 

.e comparative lime paper fluorine 

_yels was primarily due to a reduc- 
‘on in the quantity of emission at 
ie alleged source rather than to any 

coss variations in the wind pattern. 

Data compiled by engineers at the 
-iajor source of fluoride emission in- 

icate that the installation of air 
‘leaning equipment between 1954 
ond 1955 effected a 78.1% reduction 
the atmospheric fluoride losses 
from their operation’) The ob- 
served difference between the 78.1% 
claimed reduction in fluoride emis- 
sion and the 71.0% reduction noted 
irom the lime paper survey could well 
be accounted for by an increase in 
emission rate from a small, secondary 
source of fluoride pollution located 
approximately 10 miles south of the 
major source. The rate of emission 
and the percentage increase of emis- 
sion from this secondary source be- 
tween 1954 and 1955 are unknown 
to the author. Consideration of these 
facts and the average reduction of 
fluoride between 1954 and 1955 at 
the 5 lime paper exposure sites lo- 
cated within the area of greatest 
fluoride pollution quantitatively sub- 
stantiates the reliability of the lime 
paper technique in measuring the 
relative intensity of fluoride pollution 
from one year to another within a 
given area. 


TABLE V 


Comparison of Hourly Wind Percent Frequency Distribution 
For May Through September, 1954 and 1955 


Direction | 


1954 
Subtotal 


1955 
Subtotal 


EY NOE | 


In any given instance, however, it 
would be necessary to examine and 
compare the weather patterns for the 
exposure periods under considera- 
tion. Furthermore, it is recommend- 
ed that a reasonable number of ex- 
posure sites be considered in making 
such a survey. Examination of the 
data obtained also indicates a more 
reliable estimate of relative condi- 
tions may be obtained from a con- 
sideration of exposure sites located 
near the source of pollution rather 
than those located 20-30 miles dis- 
tant. 
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In recent years there have been an 
increasing number of reports of in- 
jury to livestock or vegetation due to 
atmospheric pollution by fluorides. 
The importance of fluorine as an at- 
mospheric pollutant was emphasized 
by a number of investigators at the 
U. S. Technical Conference on Air 
Pollution in 1950‘). The increase 
of pollution by fluorine has been as- 
sociated with the growth of certain 
industries, and has become more 
marked as industrial plants have 
moved into areas which were pre- 
viously agricultural. 

Fluorine occurs in small quantities 
m plant and animal matter ‘**), in the 
former by uptake from the soil and 
in the latter by intake of food and 
water. In animals the fluorine re- 
tained is concentrated principally in 
the bones and teeth. Within certain 
limits the presence of fluorine is bene- 
ficial, reducing the incidence of den- 
tal caries. In excessive quantities, 
however, fluorine may produce in ani- 
mals a chronic poisoning which is 
termed fluorosis‘®?:1°4), However, 
Schmidt and Rand“) point out that 
cattle have a tolerance for fluorine 
above the amount normally and 
naturally absorbed, and that above- 
normal absorption does not necessar- 
ily produce injury. 


Effects of Atmospheric 
Fluorine Compounds 


Plants show a wide range of sus- 
ceptibility to injury from gaseous 
fluorine compounds !®), A factor of 
great importance is that forage may 
absorb sufficient fluorine to produce 
injury to livestock feeding upon it 
without showing any damage to the 
foliage itself!®), As a result, at- 
mospheric pollution by fluorides has 
in a number of cases resulted in sec- 
ondary damage to cattle without pro- 
ducing any important damage to 
vegetation. 

In some industries that employ 
fluorine compounds there is a possi- 


* Presented at the 130th Meeting of the 
American Chemical Society held at 
Atlantic City, N. J., September 1956. 
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bility of acute fluorine poisoning, and 
in some cases concentrations of fluor- 
ides in plant atmospheres have been 
sufficiently high to be at least a po- 
tential industrial hygiene problem 
(30,36,101,114,127), The accepted thresh- 
old limit value for human exposure 
to hydrogen fluoride is 3 ppm. parts 
of air”), Atmospheric pollution by 
fluorides involves concentrations far 
below the threshold limit, and there 
has been no demonstrated case of 
chronic fluorosis, much less of acute 
poisoning, resulting from inhalation 
of air containing these low concentra- 
tions of fluorine compounds. 
though it has been suggested that 
fluorine compounds may have been 
prime agents in the air pollution dis- 
asters in the Meuse Valley and at 
Donora, no evidence has been pre- 
sented to demonstrate that this was 
the case‘27,100,105). Where fluorosis 
in livestock has occurred, it has re- 
sulted from the eating of contaminat- 
ed forage. 


Atmospheric pollution by fluorides 
has usually involved both gaseous 
compounds and dusts or fumes. The 
gaseous compounds have usually 
been hydrogen fluoride, HF, or sili- 
con tetrafluoride, SiF,; their relative 
toxicities to plants have not been 
determined"!>), Little information is 
available upon the effects of particu- 
late fluorides which settle upon 
leaves; it appears that any absorption 
by the leaf should depend upon the 
solubility of the fluoride. However, 
even relatively insoluble fluorides pre- 
sent on plants and ingested by live- 
stock may produce fluorosis ‘*!®?), 
Endemic fluorosis has appeared in 
areas where forage is contaminated 
by natural dusts having high fluorine 
contents‘®!,1°4), Development of 
fluorosis in cattle is, however, related 
in part to the solubility of the fluor- 
ide‘®?), and fluorides in dusts from in- 
dustrial sources may be more soluble 
than those in natural dusts‘), The 
relative importance of gaseous and 
particulate fluorides in development 
of fluorosis has been a subject of dis- 
pute (6.26,61,128) 
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Sources of Atmospheric 
Fluorine Compounds 


Fluorine contaminants may be 
emitted to the atmosphere by a wide 
variety of industrial processes in 
which fluorine compounds are manu- 
factured, utilized as catalysts or 
fluxes, or are present as impurities in 
the process materials. In some cases, 
the possibility of contamination is ob- 
vious, and control measures are gen- 
erally provided as a matter of course. 
These include manufacture of HF 
(130) use of HF as an alkylation cata- 
lyst in the manufacture of motor 
fuels‘27), and use of elemental fluor- 
ine‘®.118), However, some of the 
most serious cases of pollution have 
arisen from processes in which fluor- 
ine compounds are used as fluxes or 
are present as impurities. In some 
instances, the fluorine has been pres- 
ent in the process material in a con- 
centration so low that its presence 
was not considered to constitute a 
potential problem, or perhaps was 
not even recognized. 

Fluorosis in cattle, or damage to 
vegetation, has occurred primarily in 
the vicinity of plants manufacturing 
phosphate aluminum 
(1,61,98) | brick (100,101), enamel frit 
(6,15,16,41-46) | and iron and steel (640-4) , 
Maclntire) considers that the most 
important sources are probably the 
manufacture of phosphate fertilizers, 
aluminum, and steel. Fluorosis in 
cattle resulting from emissions from 
a superphosphate plant was recog- 
nized in Italy as early as 1912 (6,10, 
101), Some of the older European 
literature indicates that it may have 
existed much earlier around the 
smelters in Freiberg, Germany 
Existence of the disease in the United 
States has been recognized only com- 
paratively recently 

Although the industries _ listed 
above are those that have been recog- 
nized as producing damage in certain 
instances, numerous other industries 
may actually or potentially emit 
fluorine compounds to some degree 
in processing minerals and ores. 
Fluorine is present in relatively large 
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quantities throughout the  earth’s 
crust, recent estimates placing it as 
the thirteenth in order of abundance 
among the elements‘). Earlier es- 
timates were considerably lower‘). 
Fluorine is widely distributed, fre- 
quently in relatively small concentra- 
tions. Samples of top soils in the 
United States have been found to con- 
tain from 20-1640 ppm. of fluorine 
(61), The most common fluorine min- 
erals are fluorite, or fluorspar, CaF 2, 
and fluorapatite, Cayo(PO,)¢F2, the 
principal constituent of phosphate 
rock. Simple  fluorine-containing 
minerals other than CaF. are com- 
paratively rare, but a great many 
complex minerals containing fluorine 
are known (4,58), The latter include 
cryolite and complex silicates such as 
topaz and some micas and horn- 
blendes. 

Fluorite occurs in association with 
numerous other minerals, such as 
limestone and calcite It is a 
common gangue mineral of ore de- 
posits, and is frequently associated 
with pyrite, chalcopyrite, sphalerite, 
and galena‘8), Sulfide ores con- 
taining up to 0.35% of fluorine have 
been reported (5), Certain iron ores 
have also been reported to contain 
fluorine, probably as fluorapatite 
(631), Clays have been reported to 
have fluorine contents in the range 
450-1600 ppm. ‘1!) , and coal usually 


contains small amounts of fluorine 
(819,22) 


Mechanisms of Liberation of 
Fluorine Compounds 


Fluorine may be emitted from proc- 
esses either as gaseous compounds 
or as particulate matter consisting of 
either solid fumes or mechanically- 
entrained dust, or of mists. The me- 
chanically-entrained dust may be ex- 
pected in general to be of relatively 
large particle size and of a composi- 
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tion similar to that of the original 
process material. However, fumes 
formed by volatilization of metal 
fluorides may be of fine particle size 
and have a higher fluorine content 
than the original process material. 
Mists may be formed by solution of 
gaseous fluorides in fine water drop- 
lets. 

Gaseous fluorides formed in var- 
ious processes are generally SiF, or 
HF, although it has been suggested 
that boron trifluoride, BF3, may be 
formed in some cases. The activity 
of elemental fluorine is so great that 
there appears little likelihood that it 
is ever formed, or has more than a 
transitory existence, in any ordinary 
chemical or metallurgical process. 
Therefore, as used in this paper, 
fluorine is considered to denote only 


TABLE | 


Melting and Boiling Points of Fluorides 


Compound 


B. P. Reference 
Co) 


CaF, 


2500 


NaF 


1705 


KF 


1500-1505 


AIF; 


1537 
Subl. 1260 
Subl. 1291 
Subl. 1272 


fluorine in the combined, rather than 
the elemental, state. Although many 
volatile fluorides are known “®) , most 
are very reactive or else require for 
their formation conditions which do 
not exist in the usual chemical proc- 
esses, and hence are unlikely to ap- 
pear in effluents. 


Among the stable metal fluorides 
there are several which at elevated 
temperatures have vapor pressures 
high enough to permit appreciable 
formation of fumes. These are the 
fluorides of the alkali metals and of 
aluminum). In Table I are given 
the melting and boiling points of the 
fluorides of calcium, sodium, potas- 
sium, and aluminum; some of the 
values are not well established. AlF; 
has been reported to melt at 1040°C. 
(34); however, other information 
4) shows it to sublime in the range 
1260°-1291°C. In Fig. 1 are pre- 
sented the vapor pressure curves for 
NaF, KF, and AlF;. The curves for 
NaF and KF were plotted from the 
data reported by Stull) and 
Brewer‘), which are in close agree- 
ment, whereas that for AlF; was pre- 
pared from the data of Brewer, which 
were considered to be the most re- 


liable. 


From these data it can be seen that 
no significant quantities of CaF, are 
likely to be volatilized in even rela- 
tively high temperature processes, but 
that fumes of NaF, KF, and AIFs, 
may be formed if these compounds 
are initially present in a process ma- 
terial or are formed through reac- 
tions of less volatile fluorides, such as 
CaF,, which may be present in proc- 
ess materials. 


Fluorides may be volatilized 
through a number of reactions; the 
more important type reactions are 
presented in Table II. CaF» is as- 
sumed in appropriate cases to be the 
non-volatile starting material, as it 
probably is in many instances. 


SiF, is known to be formed during 
treatment of phosphate rock with sul- 
furic (or phosphoric) acid to form 
superphosphate 
formation of the SiF, probably re- 
sults from a series of steps illustrated 
by Reactions 1 to 4‘7726), The reac- 
tion of the sulfuric acid with the cal- 
cium fluoride (or, actually, fluorapa- 
tite) produces HF which subsequent- 
ly reacts with silica present in the 
phosphate rock according to Reac- 
tions 2 or 3. 

Fluosilicic acid, H2SiFs, does not 
exist as such in the vapor state (®) ; 
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the vapor phase consists of a mixture 
of Sif, and HF. In a hot, acid 
medium, H.SiF decomposes accord- 
ing to Reaction 4. 

SiF, may be formed at elevated 
temperatures by a number of reac- 
tions. Fluosilicates are decomposed 
(108) into the normal fluoride and 
SiF,, as illustrated by Reaction 5. 
The dissociation of Na2SiF, becomes 
appreciable at about 327°C. Reac- 
tions 6 to 8 have been frequently re- 
ported, but as is shown below, there 
is little evidence that they are of im- 
portance. 

SiF, undergoes reactions with 
water in both the liquid and the gas 
phases. If the liquid phase, H.SiF’, 
is formed according to Reaction 9. 
Reaction 9 expresses only the net re- 
action; apparently the actual process 
consists of a series of steps which are 
discussed by Simons) and Whynes 
(126). The gas phase reaction of water 
vapor with SiF, (Reaction 10) has 
been studied by Lenfesty, et al‘), 
who found that the equilibrium fav- 
ored formation of Sif, at low temper- 
atures and of HF at high tempera- 
tures. 

BF; may be formed) by Reac- 
tion 11 or a similar reaction between 
the metal fluoride and boric oxide. 
This method was originally used to 
prepare BF;. BF; undergoes hydrol- 
ysis even at ordinary temperatures 
(58,108) | 

HF may be formed by the re- 
action of water vapor with metal 


reactions listed in Table II are known 
to take place, at least between the 
pure components and under labora- 
tory conditions. However, not all 
may be of importance. In particular, 
although formation of Sify in high 
temperature processes according to 
Reactions 6, 7 or 8 has frequently 
been reported, there is little evidence 
that it was actually significant, or that 
the observed volatilization of fluorine 
was not the result of other types of 
reactions. Therefore, an attempt has 
been made to determine what the 
potentialities of some high tempera- 
ture reactions are by calculation of 
their free energies and of certain 
equilibria. 


Free Energies 


From data available in the liter- 
ature, the standard free energies of 
Reactions 7, 8, 12, 13, 14, 18, and 19 
have been calculated and plotted as 
functions of temperature (Fig. 2 and 
3). The free energies are given as 
kilocalories/gram-mole of fluorine. 
The data were obtained from the free 
energy-temperature diagrams of Kel- 
logg® and Osborn). Kellogg 
gives free energies of formation of 
fluorides, while Osborn presents those 
for oxides and silicates. 


The accuracy of some of the free 
energies of formation is limited 
(57,89), Kellogg indicates probable 
errors of 1-3 kilocalories/mole/of 
fluorine in the values for fluorides in 
the range from 1000°C. up. Osborn 
indicates an uncertainty of + 5 kilo- 
calories/gram mole in values for 
most of the oxides and silicates, with 
uncertainties greater than +5 kilo- 
calories in others. Because of dif- 
ficulties in reading the diagrams 
given by Kellogg and Osborn, the 
free energies of formation were read 
only to 1 kilocalorie. Consequently, 
the uncertainty in the values given in 
Fig. 2 and 3 is probably not less than 
£5 kilocalories. Data for the oxides 
and silicates of sodium and potassium 
were lacking for much of the range 
of interest at the higher tempera- 
tures; the broken lines are extra- 
polations indicating the apparent 
trends. 

Murphy and Rubin‘) have car- 
ried out more precise calculations of 
AF®° for Reaction 12 at 298°, 500°, 
1000°, and 1500°K. Their values for 
298° and 500° are in very close 
agreement with those taken from Fig. 
2, but those for 1000° and 1500° are 
about 4 kilocalories lower, which is 
within the range of uncertainty. 


TABLE II 


Reactions of Fluorides 


Formation of Silicon Tetrafluoride In An Acid Medium 


CaF, -+ H.SO, = CaSO, + 2 HF 
4HF + SiO, = SiF, + 2 H.O 
6 HF + SiO. = H.SiFs + 2 H.O 
Formation of Silicon Tetrafluoride in Thermal Processes 
Na2SiFs = 2 NaF + SiF, 
CaF, + 1/2 SiO. = CaO + 1/2 SiF, 
CaF, + 3/2 SiO. = CaSiO; + 1/2 SiF, 
CaF, +1/2 CaSiO,; = 3/2 CaO + 1/2 SiFy 


fluorides at high temperatures, as il- 
lustrated by Reactions 12 to 14, This 
type of reaction has been used for 
fluoride analysis?) and for defluor- 
ination of phosphate rock on a com- 
mercial scale‘). These hydrolysis 
reactions may be promoted by the 
presence of acidic oxides, as in Reac- 
tions 15 and 16. The hydrolysis of 


cryolite5®) by water vapor (Reac- 
tion 17) is similar. 

Volatile metal fluorides may be 
formed by reaction of their oxides, 
carbonates, or silicates with calcium 
fluoride (Reactions 18 to 21). In 
minerals the alkali metals generally 
occur as more or less complex sili- 
cates. Reactions 18 and 19 have been 
demonstrated (71), and Reaction 21 
is reported to take place at red heat 
(34), Reaction 20 takes place during 
the manufacture of Rhenania phos- 
phate (22) , 


Thermodynamics of Fluorine 
Reactions 


As noted above, a number of the 
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Reactions of Silicon Tetrafluoride With Water 


3 SiF, + 2 = 2 H.SiFs + SiO. 
SiF, (g) + 2 H:O (g) = SiOz (s) + 4 HF (g) 


Formation of Boron Trifluoride 


6 CaF; + 5 B.O; = 4 BF; + 3 Caz Bz Os 


Formation of Hydrogen Fluoride By Hydrolysis 


CaF, + H.O = CaO + 2 HF 


2 NaF + H,0 = Na,O + 2 HF 

2/3 AIF; + H,O = 1/3 Al.O, + 2 HF 

CaF, + H.O SiO. = CaSiO; + 2 HF 

CaF, + H:O + Al.0; = Ca (Al102)2 + 2 HF 
Na:AlF, + 2 = Na AlO,. + 2 NaF +4 HF 


Formation of Volatile Metal Fluorides 


CaF, + Na.SiO; = CaSiO; + 2 NaF 

CaF: + CaSiO; + 2 KF 

CaF: + Na: CO; + SiO. = CaSiO; + CO. + 2 NaF 
CaF, + 4/3 Al, 3 = + 2/3 AIF; 


94 


3. 
4. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19, 
21, 


free 
‘ited 
able 
s in 
orn 
kilo- 
for 
with 
kilo- 
dif- 
‘ams 
the 
read 
atly, 
n in 
than 
‘ides 
sium 
ange 
era- 
xtra- 
rent 


car- 
is of 
00°, 
s for 
close 
| Fig. 

are 


is 


2NoF + Hg0 + 2HF 


OF* —Kcol PER g-MOLE OF FLUORINE 


> 200 400 6090 800 1000 i200 1400 
TEMPERATURE 

Fig. 2. Standard free energies of fluoride 

reactions. 


Woods has also computed 
AF® values for Reaction 14, using 
the value of heat of formation of 
AIF; at 298°K given by Gross, et al 
(4a) These values, which have been 
plotted in Figure 2, indicate greater 
resistance of A1F; to hydrolysis than 
do those computed from the data of 
Kellogg. They also appear to be 
much more nearly in agreement with 
the observed stability of AlF; toward 
hydrolysis at ordinary temperatures. 


From Fig. 2 and 3 it is obvious 
that A1F ;, although stable at or- 
dinary temperatures, should be sus- 
ceptible to hydrolysis at high temp- 
eratures, as reported by Kirk and 
Othmer (58), NaF should, on the con- 
trary, be relatively resistant to hydro- 
lysis, as reported by Warf, et al (123), 
while CaF, occupies an intermediate 
position. The great effect of silica in 
reducing the free energy of the 
hydrolysis of CaF, is noteworthy. The 


effect of additives in both shifting the 
equilibrium and accelerating the rate 
of such hydrolysis reactions has been 
discussed by Warf, et al?) and 
Briner“?), Aluminum oxide was 
found to promote the hydrolysis of 


both calcium and sodium fluorides 
(123) 


The reaction of a number of metal 
fluorides with water vapor at high 
temperatures was studied by Domange 
(28), who determined the equilibria 
experimentally. He found that the 
susceptibility to hydrolysis decreased 
in the following order: CuF2, FeFs, 
AgF, FeF,, CrF,, ZnF,, NiF,, CoF,, 
CdF,, PbF,, MnF,, MgF., CaF,, 
BaF2. The degree of hydrolysis in- 
creased with increase in the tempera- 
ture. 


Warf, et al applied hydrolysis 
reactions at elevated temperatures to 
the analysis of halides. They adopted 
the term pyrohydrolysis to describe 
such reactions, and the term has also 
been adopted in this paper. 


Reaction Equilibria 


From the AF° values of Fig. 2 
and 3, the equilibrium constant (K,) 
for a given reaction may be calculat- 
ed from the relation 

= —2.303 RT logio K, 
The K, value may then be used to 
calculate concentrations of a volatile 
fluoride formed under various con- 
ditions. 


Equilibrium constants for Reac- 
tions 7, 8, 12, and 15 at a number of 
temperatures are presented in Table 
III. Values of K, for Reaction 10, 


TABLE III 


Equilibrium Constants For Fluoride Reactions 


Ky (Equilibrium Constant) 


= 


+ No2SiOs CoSiOs + 2NoF 


CaF, + * CoSiOg + 2KF 


AF*— Keel PER g¢-MOLE OF FLUORINE 


200 400 600 6800 000 i200 400 1600 
TEMPERATURE —*C 


Fig. 3. Standard free energies of fluoride 
reactions. 


computed from the experimental data 
of Lenfesty, et al‘) are also present- 
ed. The experimental values of K, 
for Reaction 12 determined by Dom- 
ange have been included for com- 
parison; these are much larger than 
those computed from the free energies 
of Fig. 2. However, Brewer, et al‘) 
evaluated Domange’s data and con- 
cluded that they lead to a value for 
the heat of formation of calcium 
fluoride at 298°K which is about 6 
kilocalories too small. 


In order to calculate equilibrium 
concentrations of fluorides for the 
given reactions it is necessary to 
make certain assumptions as approxi- 
mations. The actual activities of the 
components in these systems at high 
temperatures are not known. In the 
illustrations given below, it is as- 
sumed that solid phases are insoluble 
in one another, that in liquid systems 
the activities of components are equal 
to their mole fractions, and that the 
activities of gases are equal to their 


Reaction 


Temperature 
CG (10) * 


Reaction 
(7) 


Reaction 
(8) (12) 


Reaction 


Reaction 


Reaction 
(12) ** 15 


2.71 x 
1.13 x 10° 
1.16 x 
1.72 x 107 
0.396 
3.41 
16.4 
54.0 | 
138 | 


“1.6 x 10* 


2.7 x 10° 
1.1 x 10“ 


Computed from free energy data from Figs. 2 and 3 except as noted. 


Notes: *From data of Lenfesty, et al (64) 
**From data of Domange 28) 
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100 
CoF, + H,0* CoO + 2HF 40 
= 20 
20 = 
Sio. Co -20 
Sig 
-40 
-20 DATA OF wOODS 
200 
400 | 
600 31x10* | 3.1.x 10 | 55x 10° 
700 1.5 x 10~ 1.1 x 10° | 54x10" 
800 5.5 x 10* | 18x 10" | 55x 10+ 
900 1.6 x 10° 30x 107 251x10* | 38x 
1000 8.7 x 10° 48x 10 10" 2.8 x 10 
1100 3.7 x 107 35x1 5.40 x 10° ; 
1200 0.13 | 20x10* =| | 0.36 
RE: 1400 5 | 3.3 x 10* 23 
1400 0.5 3x 
1600 0.76 | a 2.3 x 10* 8.6 
RNAL of 95 


partial pressures. The total pres- 
sure is assumed to be 1 atm. 

The following illustrations are in- 
tended to represent, in very simplified 
form, cases similar to those which 
may be encountered in practice. 
These show that formation of SiF, 
should be relatively unimportant com- 
pared to formation of HF by pyrohy- 
drolysis. 

If there is no liquid phase at 
600°C., then for Reaction 7: 

K,= 

The corresponding concentration of 
SiF, is only 1 part per billion by vol- 
ame. 

At the same temperature (600°C. ) 
for both Reactions 12 and 15: 

K 
If the water vapor concentration in 
the gas phase is 10 percent by volume 
(the usual order of magnitude in 
combustion waste gases), then the 
corresponding concentration of HF is 
2 ppm. by volume for Reaction 12 


Fluoride Concentrations In Process Waste Gases 


and 740 ppm. for Reaction 15. 

At higher temperatures, the con- 
centrations of both SiF, and HF 
would increase. However, the as- 
sumption of unity activity for all 
solid components can hardly be justi- 
fied in general. 

At 1600°C., a lime-silica-fluorite 
system may be assumed to be entirely 


liquid. If one assumes a system of 
the composition 
Component Mole Fraction 
CaO 0.20 
CaSiO; 0.75 
CaF. 2 0.05 


then, for Reaction 8: 


[CaO] su, 
[CaSiO,]* [CaF] 
The corresponding concentration of 
SiF, is only 3 ppb. 
For Reaction 12: 
K [CaO] 
[CaF 2] P 00 


K,= 


TABLE IV 


and for a water vapor concentration 
of 10%, the corresponding concen- 
tration of HF is 2.4%. 


The assumed liquid phase has a 
lime-silica ratio similar to that of 
phosphate electric furnace slag “®), 
and the CaF: content is probably of 
the order of magnitude occurring 
there. 

If, now, one assumes (again at 
1600°C.) a siliceous melt of composi- 
tion 


Component Mole Fraction 
SiO, 0.20 
CaSiO; 0.75 
CaF, 0.05 


then, for Reaction 7: 
[CaSiO;] P*sin, 
[CaF,] [Si0.] 
and the equilibrium concentration of 
SiF, is 21 ppm. 


On the other hand, for Reaction 
15: 


Fluorine 
: Form of Concentration 
Process Process Equipment Fluorine (gr. F./ft.*) * Reference 

Nodulizing phosphate HF 0.706 

rock Rotary kiln NaF 0.029 (90) 
Nodulizing phosphate 

rock Rotary kiln HF 1.05 (50) 
Defluorinating phosphate 

rock (molten) Shaft furnace HF 1.4-2.8 (50) 
Fusing phosphate rock —_— HF 1.6-3.6 (82) 
Manufacture of superphosphate Dens SiF, 1-23 (46) 
Manufacture of superphosphate Continuous dens is 2.1-14.2 

Batch dens SiF, 16.0-45.3 (107) 

Manufacture of Melting furnace Gaseous and 

enamel frit particulate 1.4-1.9 (15) 
Manufacture of Melting furnace 

enamel frit - 0.1 (43) 
Enamel works 0.3-0.4 (45) 
Brick works Kiln 0.26 (101) 
Steel manufacture Open hearth furnace HF 0.1 (40) 
Steel manufacture Open hearth furnace 0.2 (45) 
Steel manufacture Open hearth furnace Particulate 0.008 a. (105) 
Aluminum alloy Open hearth furnace 

processing Gaseous 0.005-0.012 (3) 
Aluminum melting Open hearth reverberatory ae 

furnace Particulate 0.11-0.80 (3) 


*Where data are available, concentrations have been referred to 60°F. and 1 atm. 
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[CaSiO;] 

[Si0.] [CaF2] 
and for a water vapor concentration 
of 10%, the equilibrium concentra- 
tion of HF is 10.7%. 

In addition, the equilibrium of Re- 
action 10 must be considered. If 
SiF, is assumed to be present initially 
at a concentration of 100 ppm, in a 
gas stream of a total pressure of 1 
atm. and containing 10% water 
vapor, then the SiF, should at equili- 
brium be hydrolyzed to the extent of 
about 10% at 100°C. and about 63% 
at 200°C., and over 99.5% at 400°C. 
Therefore, no significant amount of 
SiF, should exist as such in moist, 
nigh temperature furnace gases. 


Formation of Gaseous Fluorides 


While the foregoing equilibrium 
calculations greatly oversimplify the 
actual situation, they do indicate that 
formation of SiF, according to Reac- 
tions 6, 7, or 8 should not be a major 
mechanism of liberation of fluorine 
in most industrial processes. In a 
system containing high concentra- 
tions of both CaF» and SiOz, Reaction 
7 might be of greater importance, but 
in most actual cases the concentration 
of fluorine is low. 


The calculated equilibrium concen- 
trations of SiF, are lower than many 
fluorine concentrations actually found 
in stack gases from high temperature 
processes (Table IV). The equili- 
brium concentrations of HF are much 
higher than those actually encoun- 
tered in most cases, so that pyrohy- 
drolysis is probably limited in most 
cases by reaction kinetics and mass 
transfer rates rather than by equili- 
bria. 


Rates of pyrohydrolysis are known 
qualitatively to be fairly rapid). 
However, nothing appears to be 
known regarding the kinetics of 
formation of SiF, by Reactions 6, 7, 
or 8; reaction rates as well as equili- 
bria may be unfavorable. Since solid- 
solid reactions would be involved, 
reaction rates would probably be low 
at temperatures below the fusion 
point. 

It appears that many reports of 
emission of SiF, from high tempera- 
ture processes have been based on 
surmise or on erroneous interpreta- 
tion of observations. Stack gases 
from these processes usually contain 
siliceous dusts as well as both particu- 
late and gaseous fluorides and it is 
difficult to determine with certainty 
what the original compounds of fluor- 
ine sampled actually were. TVA in- 
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vestigators reported that substantially 
all of the fluorine emitted from phos- 
phate rock nodulizing kilns, fused 
tricalcium phosphate furnaces, and 
calcium metaphosphate furnaces is in 
the form of HF ©). This conclusion 
was based upon material balances 
made on absorption towers‘), The 
silica found could be accounted for 
by that in the dust in the stack gases. 


Similar conclusions may apply to 
formation of BF3. Formation of BF; 
according to Reaction 11 should be 
possible in processes such as glass 
manufacture in which boron com- 
pounds as well as fluorides are em- 
ployed. However, the BF; would 
probably be hydrolyzed in the hot, 
moist stack gases and therefore not 
be detectable as such. 


While most of the data on pyrohy- 
drolysis deal with treatment of phos- 
phate rock, results of some laboratory 
investigations of other systems sup- 
port the conclusions reached above. 
McCaughey, Kautz, and Wells‘) 
suggested that SiF, was formed 
during preparation of cuspidine, 
Ca,Si,0;F2, by fusion of fluorite and 
quartz in a muffle furnace. Silica 
was lost, and the crucibles used in 
melting were surrounded by masses 
of fibrous silica that the investigators 
believed to be produced by reaction 
of SiF, with water vapor present in 
the products of combustion. How- 
ever, silica itself may volatilize at 
high temperatures, and other inves- 
tigators have reported such silica de- 
posits to be formed by volatilization 
from melts‘), The observed loss of 
fluorine might have resulted from di- 
rect hydrolysis of the fluorite by the 
water vapor in the combustion gases. 


Similar studies were made by 
Nagai and his associates (*85.8) of 
the effects of CaF. on the thermal 
synthesis of calcium silicates from 
mixtures of CaCO3 and SiO» and of 


CaO and They reported) 
that most of the CaF) remained in 
the product when the temperature 
was 1100-1200°C., but that some 
might vaporize at higher temperatures 
(1400-1450°C.). In dry systems 70- 
80% of the fluorine was retained in 
the temperature range 1000-1400°C., 
but only half as much was retained in 
the presence of water (*,8) , 


Reynolds, et al heated charges 
of fluorspar in a tube furnace for 
periods of 30 minutes in an air 
stream containing 91% water vapor. 
No fluorine was lost at 900°C., but 
losses ranged from 9% at 1000°C. to 
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92% at 1300°C. Fluorspar was also 
mixed with an approximately equal 
weight of silica and was heated both 
in dry air and in an atmosphere of 
91% water vapor. In dry air, no 
fluorine was lost at 900°C., but the 
loss ranged from 3% at 1000°C. to 
53% at 1300°C. In the presence of 
moisture, the loss of fluorine ranged 
from 11% at 800°C. to 91% at 
1300°C, 

Loss of fluorine in the manufac- 
ture of welding flux was reported by 
Conn). When flux ingredients 
were melted, 50-60% of the fluorine 
added to the batch was lost. Moisture 
in the raw materials was found to be 
responsible, and Conn concluded that 
hydrolysis occurred. He reported 
some loss at only 180-250°C., which 
is a lower temperature than any other 
reported to produce pyrohydrolysis. 
He also reported that no loss of fluor- 
ine occurred in a dry batch if the 
temperature was kept below the 
vitrification range (1180°C.), but 
that some was lost even from a dry 
batch if vitrification took place. 


Formation of Particulate Fluorides 


Information on the nature of par- 
ticulate fluorides emitted from var- 
ious processes is almost totally lack- 
ing in the literature. Such data on 
Reactions 17, 18, and 19 as exist have 
been reported in other connections 
than atmospheric pollution. The bulk 
of them are concerned with volatiliza- 
tion of potassium compounds. The 
volatilization of alkalis from cement 
kilns and blast furnaces is well known 
and has been used as a method for 
recovering potash (4,9:54,55,102,103) | When 
such a material as feldspar (potas- 
sium aluminum silicate) is subjected 
to high temperatures in the presence 
of calcium compounds, calcium alu- 
minum silicates are formed and the 
potassium is volatilized in the form 
of the oxide or of salts. Ignition of 
the potassium aluminum silicate alone 
does not produce a change in com- 
position (9) , 

Anderson and Nestell‘) made a 
laboratory study of volatilization of 
potassium in cement manufacture. 
They considered that the following 
factors might affect the volatilization: 


(1) The temperature 

(2) The volume of gas flowing 

(3) The intimacy of contact be- 
tween the gas and the ce- 
ment mix 

(4) The vapor pressure. of po- 
tassium salts formed 
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TABLE V 


Fluorine Emissions From Various Processes 


Water | Maximum | Percent 
Vapor | Tempera | of Input 
Process Process Fuel | In Gases ture Fluorine Refer- 
Process Materials Equipment Used (%) (*G) Emitted Remarks ence 
Calcining phosphate | Phosphate 1090 3 Residence time short at 
rock (beneficiation) rock Rotary kiln | Oil 8-10 820 Almost nil} maximum temperature = 
Calcining phosphate | Phosphate 50-70 Residence time = 1 hour 
rock (defluorination) | rock Rotary kiln | Oil 13 1400-1450 75 Residence time = 2 hours bi 
Calcining phosphate | Phosphate Residence time in burning 
rock (defluorination) | rock, silica | Rotary kiln | Oil 20* 1480-1590 98 zone = 20-30 min. - 
Oil 
Nodulizing phosphate | Phosphate Coal ssid: 
rock rock Rotary kiln | CO gas | 4-12 1200-1480 20-45 Residence time = 30 min. — 
Sintering phosphate Phosphate Dwight-Lloyd 30 - 
rock rock Machine Coke 1400* 35-40 Moisture in charge = 
Oil 
Calcining phosphate | Phosphate Coal 
rock rock briquets | Rotary kiln | CO gas | 4-12* 1000-1040 | Almost nil _ 
CO gas | 4* 14 
Calcining phosphate | Phosphate Propane- 
rock rock pellets | Shaft kiln butane 8-12* 1090-1200 14 site 
Rotary kiln Oil 8-12* 1150-1180 28 — 
Defluorinating molten. | Phosphate Electric Melting without further 
phosphate rock rock, silica | furnace Low 1600 Small treatment peers 
Hearth 
furnace Oil 8-12* 1500-1550 84-95 Melting time = 4-25 hrs. nee 
Hearth 
furnace Oil 8-12* 1490-1595 | 72-86 Pool depth = 18 in. _ 
Electric 
furnace 
(for melting) 
Hearth fur- 
nace (for de- Pool depth = 3 in. 
fluorination) | Oil 12 1550-1600 | 90 Heating period = 2 hrs. on 
Pool depth = 1.5-2 in. 
12 1600 92-96 Heating period = 60-80 min. _ 
Shaft CO gas 4 1430-1540 | 70 ae 
furnace 90 or 
Oil | 12-14 1430-1540 | greater ae) 
35 (59) 
Phosphoric acid Phosphate _| Electric 25 a 
manufacture rock, coke furnace Low 1480* 20-30 a 
52 Abt. 17% of emission in 
particulate form > 
Phosphate Blast 4 Abt. 50% of emission in 
rock, silica | furnace Coke 1740-1850 | 30 particulate form mr 
Phosphate 
Elemental phosphorus | rock, silica | Electric Very Abt. 16% of emission in 
manufacture coke furnace Low 1470* 9.6 particulate form an 
Calcium-magnesium Phosphate Electric 27-33 Batch operation 
phosphate manufacture| rock, olivine, | furnace Low 1450-1550} 11 Continuous charging ae 
Phosphate 
rock, olivine, | Electric 
silica furnace Low 1450-1550 | 27-57 Batch operation — 
Fusion time = 1-2 hrs. 
Continuous charging, with 
Phosphate _| Electric Very unfused material above melt- 
rock, olivine | furnace low 1500-1600 10-20 ing zone a 
Phosphate 
Manufacture of rock, soda 
Rhenania phosphate ash, silica Rotary kiln Coal 8-10* 1100-1200 8 (1, 199) 
(Continued on Page 99) 
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TABLE V 


" Fluorine Emissions From Various Processes 
(Continued from page 98) 


Process 


Process 


Materials 


Process 
Equipment 


Water 
Vapor 
in Gases 


(%) 


Maximum 
Temp. 


(°C) 


Percent 
of Input 
Fluorine 
Emitted 


Remarks 


Calcining 
ironstone 


Ironstone 


Open heaps 


1100 


15-30 


Moisture in charge 


Rotary kilns 


15-20 
Small 


Temperature not 
reported 


Steelmaking 


Steel, iron 
ore, lime- 
stone fluor- 
spar 


Open hearth 
furnace 


1650-1920* 


Emission given is fraction 
of fluorine added as fluor- 
spar 


Brick making 


Clay 


Kiln 


1000 


Part of heat from combus- 
tion of organic matter in 
clay 


Glass making 


Silica, soda 
ash, feldspar, 
etc., fluor- 
spar, cryolite, 
or sodium 
fluosilicate 


Tank furnace 


Roasting zinc 
oxide fume 


Impure zinc 
oxide con- 
taining 
fluorides 


Wedge-type 
roaster (7 
burnin 


hearths 


Coal 


Residence time = 105 min. 


Calcining topaz 


Topaz 


Rotary kiln 


Oil 


Residence time = 70 min. 
Chemically-bound water in 
charge 


Manufacture of 
calcium meta- 
phosphate 


Phosphate 
rock 


Combustion 
chamber and 
absorp. tower 


White 
phos- 
phorous 


Defluorination of 
superphosphate 


Triple super- 
phosphate 


Rotary kiln 


Oil 


Residence time = 27 min. 


Manufacture of 


Phosphate 
rock, sul- 


Mixer and 


superphosphate furic acid den 


Extreme range 
Average 


Note: * Values estimated 

(5) The dissociation of the po- 
tassium compounds to form 
more volatile materials 

The degree of saturation of 
the gases 

Diffusion of the potassium 
compounds through the in- 
terstices of the mix to its 
surface and from the sur- 
face to the main body of the 
gas stream. 

They concluded from their laboratory 
data that temperature and time of ex- 
posure were the determining factors. 
The minimum temperature for vola- 
tilization was 1100°C.; the rate was 
low up to about 1200°C., but in- 
creased sharply between 1200° and 
1300°C., and was high from 1300° 
to 1400°C. The temperature effect 
was dependent in part upon the ma- 
terial, and volatilization increased 
with decrease in the size of the clink- 
er. The presence of chlorides (par- 
ticularly CaCl.) increased the evolu- 


(6) 
(7) 


of APCA 


tion of the potassium. Sodium was 
driven off almost as readily as potas- 
sium, although sodium compounds 
are less volatile than those of potas- 
sium. 

Other investigators.) studied 
the effects of adding materials such as 
CaCl, to promote volatilization of 
potassium by formation of more vola- 
tile compounds. Madorsky‘®) used 
CaF, as a promoter for removing 
potassium from wyomingite, a potas- 
sium aluminum silicate. The temper- 
ature used was 1510°C., and the at- 
mosphere of the electrically heated 
furnace was presumably dry. 
creasing the amount of added CaF, 
up to about 50% excess over the 
stoichiometric ratio increased remov- 
al of potassium, but further increases 
had little effect. However, the total 
loss of weight of the charge was 
greater than the calculated amount of 
KF, and the discrepancy increased 
with increase in the amount of CaF, 


added. Madorsky suggested that the 
additional loss of weight might have 
been due to liberation of SiF, by Re- 
action 6. However, it appears that 
AIF; might have been formed, as 
suggested by the data of Nagai and 
Yoshiura The latter studied 
the effect of CaF. additions on the 
thermal synthesis of calcium alumi- 
nates from and CaO or CaCO3. 
When pure CaCO; and Al.O; were 
heated with added CaF, in a tube 
furnace ‘®) the amount of CaF» lost 
increased with increase in tempera- 
ture, and was greater than in the dry 
thermal synthesis of calcium silicates. 
Increasing the amount of added CaF, 
also increased the amount lost. It ap- 
pears improbable that significant 
amounts of CaF, vaporized. Hence, 
if water vapor was not present the 
fluorine can hardly have been evolved 
except as AIF3. 

On the basis of the foregoing in- 
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formation it appears that appreciable 
amounts of NaF, KF, or AIF; may be 
volatilized from certain processes. 
However, their formation should in 
most cases be of far less importance 
than pyrohydrolysis in emission of 
fluorine, since the concentrations of 
sodium, potassium and aluminum in 
most process materials are relatively 
low. 


Emission of Fluorine From 
Various Processes 


A considerable body of published 
information on emission of fluorine 
from industrial processes exists, 
though in widely scattered sources. 
Fluorine concentrations in waste 
gases have been reported in a num- 
ber of instances, and values regarded 
as reasonably reliable are compiled 
in Table IV. The fractions of input 
fluorine emitted from a number of 
processes have also been reported, 
and are given in Table V along with 
such process data as were available or 
could be estimated. 

By far the largest source of infor- 
mation is that on defluorination of 
phosphate rock. Because phosphate 
rock must be freed from most of its 
fluorine in order to be suitable for 
use as fertilizer or livestock feed sup- 
plement, extensive investigation of 
the mechanisms of defluorination has 
been carried out, mostly by the U. S. 
Department of Agriculture and the 
Tennessee Valley Authority. Many of 
the conclusions can be applied by 
analogy to other industrial processes. 


Defluorination of Phosphate 
Rock by Calcination 


Reynolds and his co-workers (7197.9: 
%®) carried out an extensive bench- 
scale investigation of defluorination 
of phosphate rock by calcination in 
the presence of water vapor. Samples 
were heated in platinum boats in an 
electrically-heated tube furnace, and 
variables studied included the water 
content and velocity of the furnace 
gases, the weight, particle size, and 
composition of the charge, and the 
temperature and time of heating. In 
dry atmospheres”), comparatively 
small amounts of fluorine (less than 
32%) were driven off at temperatures 
of 1000-1400°C., but in moist atmos- 
pheres the volatilization increased to 
over 90% as temperatures were in- 
creased from 700° to 1400°C. Ad- 
dition of silica did not have import- 
ant effects on volatilization of fluorine 
unless water vapor was also present. 
In the absence of water, the time of 
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heating at 1200°C. had little effect 
upon loss of fluorine, but in the pres- 
ence of moisture the loss increased 
with time. The volatilization of 
fluorine increased with increasing 
water content of the furnace atmos- 
phere but was not affected by sub- 
stitution of oxygen or nitrogen for 
air (8) | 

It was found) that in the pres- 
ence of water vapor small charges 
gave more complete defluorination 
because of a higher ratio of directly 
exposed surface to volume of charge. 
For large samples volatilization in- 
creased with temperature up to about 
1425°C., then tended to decrease, ap- 
parently because sintering or partial 
fusion reduced the amount of sur- 
face exposed to contact with water 
vapor. With small samples, volatili- 
zation continued to increase to some- 
what higher temperatures, probably 
because the proportionate reduction 
in exposed area was less. 


Reduction in particle size of the 
samples also increased liberation of 
fluorine‘), except for the finest par- 
ticles, which appeared to fuse more 
readily. When phosphate rock was 
heated in single-grain layers in the 
presence of water vapor, fluorine loss 
generally increased with decrease in 
particle size‘). Most of the fluorine 
was driven off in a short period; 
thereafter, the rate of elimination de- 
creased markedly. 


It is probable that at least part of 
the loss of fluorine from some of the 
samples heated in dry atmospheres 
was due to pyrohydrolysis by mois- 
ture or chemically-bound water in the 
charge, or by water formed by com- 
bustion of organic matter in the 
phosphate rock samples. This view 
is supported by failure of the loss of 
fluorine to increase with time of 
heating. Also, when samples were 
pre-dried at 400-500°C., there was a 
reduction in the amount of fluorine 
volatilized during subsequent heat- 
ing at 1300°C., in a dry atmosphere. 


In later tests reported by TVA“), 
it was found that the degree of de- 
fluorination was increased by in- 
creases in both water vapor concen- 
tration and velocity of the furnace 
gases. The rate of defluorination 
was markedly reduced if as much as 
2% of HF was present in gases con- 
taining 60% of water vapor, indicat- 
ing an approach toward equilibrium. 

Although the bench-scale experi- 
ments described above indicated the 
principal factors in volatilization of 
fluorine from phosphate rock, they 
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did not give results which are directly 
comparable to those obtained in full- 
scale equipment or processes. Dur- 
ing calcination in a device such as a 
rotary kiln, the charge is continually 
moved, exposing new surface, and gas 
velocity is usually greater. 


TVA investigated on a pilot plant 
scale the defluorination of phosphate 
rock by calcination below the fusion 
point in a rotary kiln“). The kiln 
was oil-fired, and the combustion 
gases contained about 13% water 
vapor (see Table V). The extent of 
defluorination was too low for the 
desired purpose. Use of coarser 
charges markedly reduced the rate of 
defluorination. When the temperature 
was increased above 1450°C., the 
charge was partly fused and formed 
a pasty mass which was impervious 
to the water vapor, and the rate of 
defluorination decreased. Increasing 
the water vapor content had no sig- 
nificant effect upon the degree of de- 
fluorination. 


The Coronet Phosphate Company 
developed a process for defluorination 
of phosphate rock by calcining with- 
out fusion ‘*!24), A large amount of 
silica (35-45%) is added to the 
charge, but its action is primarily 
mechanical. Its function is to pre- 
vent coalescence of the low-melting 
constituents in the charge and to keep 
the calcined mixture free-flowing and 
porous, so that the water vapor may 
diffuse readily to all parts of the 
mixture. Maust claimed‘) that the 
fluorine evolved was not in any com- 
bination with silica, and that no chem- 
ical change involving the silica (ex- 
cept possibly a catalytic action) was 
involved in the process of defluorina- 
tion. The accelerating action of SiO. 
according to Reaction 15 may, how- 
ever, actually be involved. Maust re- 
ported that evolution of fluorine be- 
gan to take place at about 870°C., 
but did not attain a commercially 
feasible rate until a temperature in 
excess of 1320-1370°C. was reached. 


Maust proposed three alternative 
forms of apparatus for carrying out 
the defluorination: (1) a shaft fur- 
nace, (2) a downdraft sintering ma- 
chine of the Dwight-Lloyd type, or 
(3) a rotary kiln. In either of the 
first two devices, the moist gases 
would be drawn through the charge 
so as to come into intimate contact 
with a large exposed surface. In the 
rotary kiln, the gas stream passes 
over the surface of the charge, and 
achieving contact between the mois- 
ture-laden gases and the particles-of 
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the charge is more difficult. 
In the commercial process ‘!*) , ro- 


tary kilns are employed (see Table 
V). Extra water vapor is added to 
the kiln atmosphere through quench- 
ing of the hot product in water. The 
temperature in the kiln ranges from 
540-760°C. at the feed end to 1480- 
1590°C. in the burning zone. About 
20-30 min. are required for the 
charge to pass through the burning 
zone, and a very high degree of de- 
fluorination is attained. 


Similar results in thermal treat- 
ment of phosphate rock are reported 
by Volfkovich, et al). 


Beneficiation of Phosphate 
Rock by Calcination 


Before processing, phosphate rock 
is often dried in oil- or coal-fired 
rotary kilns at low temperatures 
(about 150°C.). This treatment is 
used for elimination of free moisture 
only (75), and at such low tempera- 
tures liberation of fluorine is unlikely. 
However, where the rock is to be used 
for manufacture of phosphoric acid 
by the wet process, calcining at high- 
er temperatures (500-900°C.) is car- 
ried out to decompose carbonates, re- 
move organic matter and chemically- 
bound water, and drive off moisture 
(75,120), The process in this case is 
similar to calcination for the purpose 
of defluorination, except that the 
temperatures are lower, and some 
fluorine is evolved. Memminger, et al 
(75) describe calcination in a rotary 
kiln (see Table V). The charge was 
maintained at the peak temperature 
for only a short time, and this was re- 
ported to be responsible for the low 
emission of fluorine, which was about 
3% at 1090°C., and almost nil at 
820°C. It was reported that SiF, 
was evolved, but no supporting data 
were given and the existence of SiF; 
was probably assumed. 


Agglomeration of Phosphate Rock 


In order to produce a change of 
the proper size for use in electric 
furnaces, shaft furnaces, or blast fur- 
naces, it is frequently necessary to 
agglomerate the material by sintering. 
nodulizing, briquetting, or pelletizing 
(109), In sintering and nodulizing. 
the material is raised to a tempera- 
ture such that particles are fused to- 
gether. In electric furnace charges. 
the presence of moisture is objection- 
able, and sintering, nodulizing, or cal- 
cining of briquets or pellets serves to 
drive off moisture, combined water, 


of APCA 


organic matter, carbon dioxide, sul- 
fur, and part of the fluorine 
Reported emissions of fluorine are 
presented in Table V. 

In sintering with a Dwight-Lloyd 
machine, the air drawn through the 
bed is comparatively dry, but the bed 
itself is moist; the moisture content 
is a critical factor in the bed porosity 
and hence in the rate of sintering) . 

In the calcination of briquets or 
pellets the size of pieces may have a 
considerable effect upon the evolution 
of fluorine. Calcination of pellets in 
a rotary kiln“®) resulted in higher 
fluorine losses than did calcination in 
a shaft kiln). In the shaft kiln, 
use of propane-butane fuel gave a 
higher water vapor concentration 
than did the CO originally used but 
did not increase the removal of fluor- 
ine. Possibly some fluorine was re- 
absorbed by the cooler part of the 
charge near the top of the shaft. 


Defluorination of Molten 
Phosphate Rock 


TVA developed several processes 
for defluorination of phosphate rock 
in the molten state *2?5), Elmore, 
et al made an extensive bench-scale 
investigation of the mechanism of 
defluorination Samples were 
fused in boats in a tube furnace, and 
studies were made of the effects of 
the composition of the charge, the 
water vapor concentration and veloc- 
ity of the furnace atmosphere, the 
temperature, and the depth of the 
melt. A stream of nitrogen contain- 
ing various percentages of water, 
vapor was passed over the surface 
of the samples. As a result of their 
investigation, Elmore, et al‘), post- 
ulated the following mechanism of 
defluorination: 

(1) The fluorine diffuses up- 
ward through the melt as a 
compound or an ion. 

(2) There is no convective cir- 
culation in the melt. 

(3) The concentration at the 
surface of the melt at any 
instant is controlled by the 
rate of upward diffusion of 
the fluorine constituent. 

(4) Water vapor reacts with the 
fluorine constituent at the 
surface of the melt. 

(5) The rate of removal of 
fluorine at the surface of 
the melt is proportional to 
its concentration in the sur- 
face layer. 

It was found that in shallow pools 
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the rate of defluorination was con- 
trolled by the resistance at the surface 
of the melt. The rate was affected 
little by the temperature in the 
range 1450-1600°C., but varied di- 
rectly as the 0.45 power of the water 
vapor concentration and the 0.3 power 
of the velocity of the furnace at- 
mosphere. In deep pools, the rate- 
determining step was diffusion of the 
fluorine through the melt; the rate was 
less dependent upon the water vapor 
concentration and the gas velocity and 
varied inversely with the square of 
the depth of the pool and increased 
with increase in the temperature or 
increase in the fluidity of the melt. 
It was concluded that the effect of in- 
crease in temperature was primarily 
to increase the fluidity of the melt 
and, hence, the rate of diffusion of 
the fluorine component through the 
melt. Fluidity could also be increased 
by addition of a suitable flux (such 
as silica), and flux content was in- 
dicated to be a major factor in de- 
termining the rate of defluorination 
at a given temperature. 

In the absence of water vapor, 
about 10-15% of the fluorine was 
evolved at 1500°C., but this was be- 
lieved to be due to presence of a small 
amount of water in the cylinder nitro- 
gen used. Some defluorination (10- 
20%) also took place at 1600°C., in 
a dry nitrogen atmosphere, possibly 
for the same reason. Although it was 
considered possible that SiF, might 
be formed (*), thermodynamic cal- 
culations were reported to indicate 
that volatilization of appreciable 
amounts of SiF, at 1600°C., was im- 
probable under the experimental con- 
ditions. 

Elmore, et al, suggested that the ex- 
ponent of the furnace atmosphere 
velocity would be greater than 0.3 for 
velocities in the turbulent flow range 
(33), The results obtained in the lab- 
oratory investigation indicated that 
satisfactory defluorination could be 
obtained in furnace atmospheres con- 
taining 30% water vapor, However. 
later results in plant operation!) 
showed that satisfactory results could 
be obtained at a temperature of 
1550°C., with furnace gases contain- 
ing only 8-10% water vapor. In the 
large furnaces the gas flow was turbu- 
lent, and there was probably also 
convective circulation in the molten 
phosphate rock, contrary to the con- 
ditions in the bench-scale tests made 
by Elmore, et al. 
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TVA subsequently investigated a 
number of processes for defluorina- 
tion of molten phosphate rock (425.4) , 
the features of which are summarized 
in Table V. Melting in an indirect- 
arc electric furnace without further 
treatment resulted in little. defluorina- 
tion. Melting in a_reverberatory 
hearth furnace gave results depend- 
ent in part upon pool depth; shallow 
pools gave the most effective defluor- 
ination. Relatively rapid defluorina- 
tion was obtained when the flames 
from the burners impinged upon the 
melt and agitated it. 


TVA later developed a process for 
defluorination which employed an 
oil- or gas-fired shaft furnace **). 
It was expected that as the charge 
melted in the furnace shaft it would 
form thin films and droplets, favoring 
rapid defluorination. It was postu- 
lated“*) that the molten material 
flowed in thin films to the hearth as 
soon as it reached a temperature at 
which it was sufficiently fluid, and 
that it was not further heated or de- 
fluorinated after reaching the hearth. 
Exposure time was therefore relative- 
ly short, and the temperature of the 
melt was determined primarily by the 
chemical composition and was normal- 
ly only slightly above the melting 
point. In the hearth furnace increas- 
ing the fluidity of the charge by ad- 
dition of flux increased the extent of 
defluorination. In the shaft furnace, 
increasing the flux content of the 
charge lowered the melting tempera- 
ture but did not necessarily increase 
the degree of defluorination. 


Blast Furnace Smelting 
of Phosphate Rock 


In the phospnate blast furnace“), 
the concentration of water vapor in 
the hot blast air is relatively low, and 
consequently conditions are not high- 
ly favorable to pyrohydrolysis of the 
calcium fluoride or fluorapatite des- 
pite the high temperatures existing 
in the combustion zone. Moisture in 
the charge itself should be largely 
removed by the hot gases rising 
through the furnace shaft, before the 
charge reaches a temperature high 
enough for significant defluorination. 
Fluorine emissions have been report- 
ed to be relatively low (see Table V), 
and to consist to a considerable de- 
gree of particulate fluorides 


In an early paper, Reynolds and 
Jacob‘) calculated the volatilization 
of fluorine from phosphate blast fur- 
naces as 16-27%, depending in part 
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upon the basis of calculation. They 
also calculated the loss of fluorine 
from electric furnaces (see below), 
and concluded that the loss in this 
case was lower than in the blast 
furnaces because of the smaller 
amount of water vapor present. They 
reported that the fluorine appeared 
to be mainly in the form of SiF4, 
but gave no supporting data; their 
later work, cited above, does not sup- 
port this early report. They reported 
that Russian investigators smelting 
phosphate rock in a fuel-fired shaft 
furnace at 1100-1540°C. found fluor- 
ine losses of 40.6-97.5%. In this latter 
method, which appears similar to that 
reported by Hignett('4), the water 
vapor concentration should have been 
higher than in the blast furnace. 

Jacob, et al (3), later reported that 
about 30% of the fluorine was emit- 
ted from the blast furnace, and that 
about half of the emission was in the 
particulate form. The most complete 
data are those of Hignett*), which 
indicate a fluorine emission of 52%. 
Of the fluorine emission about 17% 
was in the particulate form. The fine 
dust and fume contained relatively 
large amounts of sodium and potas- 
sium and had a fluorine content two 
or three times as high as that of the 
original material, so that the fine 
particulate fluoride may have been 
largely NaF and KF. 


Electric Furnace Smelting 
of Phosphate Rock 


In the electric furnace, the water 
is limited to that present in the mate- 
rials charged or in the atmospheric 
air present in the furnace atmosphere. 
Consequently, the opportunity for 
pyrohydrolysis of the fluorides is 
limited despite high temperatures. 
Since the presence of moisture in- 
creases consumption of power and 
electrodes, calcining, sintering, or 
nodulizing of the phosphate rock 
charge is usually practiced 

The fraction of fluorine volatilized 


in electric furnaces used in producing 
phosphoric acid has been reported 
(24,59) to be 25-35% (see Table V). 
Reynolds and Jacob‘) computed 
values of 7-13%, depending upon the 
basis of calculation. Some of the 
variation in reported emissions is 
probably due to differences in the 
moisture content of the charge ma- 
terial. In furnaces producing elemen- 
tal phosphorus, prevention of air in- 
leakage into the furnace is critical “®) , 
and the amount of water vapor pres- 
ent may be lower than in most fur- 
naces producing phosphoric acid. 
Burt and Barber have reported a 
material balance on a TVA furnace. 


Both Burt and Barber“® and 
Klugh‘) reported that SiF, was vol- 
atilized, but gave no supporting data. 
The hypothetical case given above, for 
which equilibrium concentrations of 
SiF, and HF were calculated, was 
based primarily on conditions in an 
electric furnace, and supports the 
view that such gaseous fluoride as is 
formed is HF formed by reaction of 
the fluoride with the small amount of 
moisture present in the furnace atmos- 
phere or charge. However, at elec- 
tric furnace temperatures the vapor 
pressure of molten silica itself is high 
and silica fume is formed ‘*). Under 
these conditions differentiation be- 
tween SiF, and HF by sampling of 
the off-gases would be very difficult. 


Manufacture of Calcium 
Magnesium Phosphate 


Processes were developed for pro- 
duction of calcium magnesium phos- 
phate by fusion of phosphate rock 
with olivine, a magnesium iron sili- 
cate (%8,79,122). The fusion was carried 
out in electric furnaces, so that con- 
ditions were similar to those in the 
electric furnace production of phos- 
phoric acid (see Table IV). 

In the original pilot scale investiga- 
tion reported by Walthall and Bridger 
(122) batch operation was employed. 


Input Output 
Phosphorus 
Phosphate Precipitator Condenser 
Rock Nodules Slag Dust Sludge 
Coneentration of 
(%) 2.2 2.6 5.9 
Concentration of 
(%) 16.2 
% of Total 
F 100 91.4 15 | 9.1 
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Charges were melted in about 30 
min., and the melt temperature 
reached 1450-1550°C. The fraction 
of the fluorine volatilized ranged 
from 27-33%. When additional silica 
was added, the fluorine volatilization 
was generally somewhat greater, and 
ranged from 27-57%. 


In another experiment, contin- 
uous charging was employed, and a 
mass of unfused material was main- 
tained above the surface of the melt, 
primarily to absorb any liberated 
P.05 vapors. Under these conditions 
only 11% of the fluorine was volatil- 
ized. 


In these tests the moisture present 
in the furnace atmosphere was pre- 
-umably only that in atmospheric air. 
Walthall and Bridger did not report 
any pretreatment of the phosphate 
cock, and the latter probably con- 
tained both free and combined water 
which could have been responsible for 
most of the observed fluorine vola- 
tilization. In the experiment with 
continuous charging, the charge was 
probably partly dried by heat from 
the melting zone before it was itself 
fused. In addition, some of the fluor- 
ine may have been reabsorbed by 
cooler parts of the charge material. 


In later commercial scale opera- 
tion of this process reported by Moul- 
ton (79), continuous charging was also 
employed. The charge materials were 
dried in an oil-fired rotary drier in 
order to avoid the high power and 
electrode consumption caused by 
moisture in the furnace charge. Only 
10-20 % of the fluorine was evolved 
(see Table V). Moulton stated that 
water vapor was present in the vent 
gases, and suggested that the fluorine 
evolved was in the forms of HF and 
H.SiFs. However, the latter, if pres- 
ent, was probably formed by a sec- 
ondary reaction between the HF, 
silica, and water vapor in cooler 
parts of the vent system. 


Moulton also reported laboratory 
investigation of this process‘). The 
charge material was dried at 105°C., 
then placed in crucibles and fused in 
a nitrogen or hydrogen atmosphere in 


a tube furnace. The charge began 
to fuse about 214 minutes after being 
placed in the furnace, and the fusion 
time was about 10 minutes. Samples 
were held in the molten state for 
varied periods of time at tempera- 
tures ranging from 1460-1730°C. A 
vigorous evolution of gases during 
fusion was reported. Moulton also 
reported that fluorine in excess of a 
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ratio of 0.56 mole of fluorine/mole 
of P.O; was volatilized, and that 
more was volatilized in a hydrogen 
atmosphere and, in some cases, in 
highly siliceous melts. The emission 
of fluorine was reported to be de- 
pendent upon the PO; content (and 
possibly, the alumina content) of the 
melt, and not to be increased by long 
fusion times or by increase in tem- 
perature up to 1470°C. Although no 
explanations for this observed be- 
havior were offered, some of the loss 
of fluorine may have been due to 
presence of moisture or combined 
water in the charge which was not 
removed by the preliminary drying. 
The failure of the loss of fluorine to 
increase with fusion time is consis- 
tent with this hypothesis. 


Manufacture of Rhenania Phosphate 


Rhenania phosphate is produced 
by calcining a mixture of phosphate 
rock, soda ash, sand, and sometimes 
powdered coal in rotary kilns at 
temperatures below the fusion point 
(120,121) | The function of the powdered 
coal is primarily to prevent excessive 
agglomeration of the charge. The 
maximum temperature is 1100-1200° 
C. and the residence time in the kiln 
is about 2 hrs. 


The net reaction is claimed to be 
(120,121) . 


2 Cayo(PO,) 6F2 + 
6 NasCO3 5 Sid. = 
6(Na,0.2 CaO.P,0;) 
4 (2 CaO. SiO.) + 
SiF, + 6 COs. 
(22) 


The SiF, is reported “°) to be de- 
composed to SiO, and HF by reaction 
with water vapor. Water vapor is 
considered necessary to remove the 
fluorine and is introduced into the 
kiln in some cases), Some sodium 


fluoride is formed, and additional , 


sodium carbonate is required with 
phosphate rock containing large 
amounts of fluorine“?"). The evolu- 
tion of fluorine is markedly in- 
fluenced by the conditions of process- 
ing; in the manner that the process 
is operated in Germany, only about 
8% is volatilized 

In view of the other data available, 
it is unlikely that SiF, is formed ac- 
cording to Reaction 22, but is more 
probable that HF is volatilized di- 
rectly according to Reaction 15. 
In addition, NaF is formed by 
Reaction 20 (or a similar reaction) 
and some is probably volatilized di- 
rectly. 

Free energy data for Reaction 20 
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are lacking in the temperature range 
1100-1200°C., but the trend of data 
for lower temperatures indicates that 
the free energy should have a fairly 
large negative value at the operating 
temperatures, favoring formation of 
NaF. The formation of NaF may, 
however, repress formation of HF, 
since NaF is more resistant to hydro- 


lysis than is CaF». 


Manufacture of Calcium 
Metaphosphate 


TVA has produced calcium meta- 
phosphate by the reaction of phos- 
phate rock with P.O; vapor at high 
temperatures ‘!521.121), The principal 
reaction is represented by the equa- 
tion. 

Cayo(PO,) + 7 P20; + = 
10 Ca(PO3)2 + 2 HF. 
(23) 


The P20; is formed by burning white 
phosphorus in air in a combustion 
chamber. Pulverized rock phosphate 
is blown into the chamber with air 
and reacts with the P.O, to form 
molten calcium metaphosphate. The 
gases leave the chamber through a 
tower packed with lump or briquetted 
phosphate rock, which absorbs the 
P.O; that has not reacted with the 
pulverized rock. The operating 
temperature is somewhat above 
1000°C., and about 80% of the fluor- 
ine is volatilized. Cooling water is 
injected into the combustion chamber 
(3) jn amounts such that the water 
vapor content of the furnace atmos- 
phere is about 10-14%. The fluorine 
is emitted in the form of HF). 

Tarbutton, et al3) studied the re- 
action of P.O; with CaF» on a labor- 
atory scale. At 500-1000°C. the 
volatile products consisted mainly of 
POF; and PFs3, with some HPO.F2 
and HF. The reaction reported to be 
most nearly in agreement with the 
observed results is 

3 CaF, + 4 P.O; — 
2 POF; 3 Ca(POs) o. 


The formation of HPO.F. and HF 
was believed to be due to hydrolysis 
of POF; by a small amount of water 
present in the charge: 


POF; + HO = HPO.F, + HF. 
(25) 


On the basis of these data, Reaction 
23 may be considered to consist of a 
step similar to Reaction 24, followed 
by a hydrolysis of the POF; to form 
HF. 


Tarbutton, et al reported that when 
P.O; reacted with phosphate rock at 
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700°C. most of the fluorine appeared 
to be volatilized as SiF,, but gave no 
supporting data. 


Processing of Zinc Oxide Fume 


Ellerman (2) has reported the roast- 
ing of zinc oxide fume to remove 
fluorine. The zinc oxide is fumed 
from copper smelter reverberatory 
slag and is collected in a bag filter. 
The impure oxide contains about 
0.18% of fluorine, which is objec- 
tionable in the subsequent electrolytic 
production of zinc. 

The roasting is carried out in a 
coal-fired Wedge-type roaster having 
7 burning hearths. Ellerman presents 
data showing that most of the fluorine 
is removed in the first 2 hearths, after 
which the rate of elimination drops 
sharply. About 98-99% of the fluor- 
ine is driven off. In tests, the elimina- 
tion of fluorine was increased by in- 
crease in the roasting temperature up 
to about 650°C.; thereafter, further 
increases in the temperature did not 
increase the rate or extent of fluorine 
removal. 

Although Ellerman did not indicate 
that the removal of fluorine is pro- 
duced by pyrohydrolysis, the process 
is analogous to the defluorination of 
phosphate rock. Lower temperatures 
are effective in defluorinating the im- 
pure zinc oxide than in treating phos- 
phate rock, since zinc fluoride is more 
readily hydrolyzed than calcium fluor- 
ide 8), 


Calcining Topaz 
Production of mullite (3 Al.O3.- 


2 SiO.) for use in refractories by cal- 
cination of topaz was studied by a 
number of investigators, although 
commercial application of the method 
was apparently never developed. The 
formula for topaz may be given“) as 
[Al(F, OH)]. Fluorine and 
hydroxyl are isomorphous and ap- 
pear in variable relation to one an- 
other. When topaz is calcined, the 
fluorine, combined water, and some 
silica are eliminated, and mullite is 
formed. Some investigators (1%17.68,111) 
considered that SiF, was liberated, 
although Burgess“) believed that HF 
was also formed. Finely divided 
silica was reported to be evolved 
(17,93,111), but this may have been 
formed by direct volatilization of 
silica, as reported by Eitel (3). 
Pole) studied calcination of 
topaz in a rotary kiln (see Table V). 
Essentially complete defluorination 
was attained at a temperature of 
1480°C. Although conditions were 
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similar to those in calcination of 
phosphate rock, the evolution of 
fluorine as HF in this case was prob- 
ably increased by the presence of 
combined water in the topaz mole- 
cule. 


Manufacture of Superphosphate 


The volatilization of fluorine in the 
manufacture of superphosphate has 
been discussed fairly extensively in 
the literature (51,53,91,106, 107,120,126) The 
principal reactions involved have been 
discussed above. Whynes report- 
ed that experiments with a small lab- 
oratory mixer showed that no HF, 
but only SiF,, was evolved, but gave 
no details. The equilibria discussed 
above indicate, however, that a small 
proportion of HF should be present, 
and it would appear possible for some 
HF to escape directly from the reac- 
tion mixture. Both Sherwin and 
Whynes 2°) report that mists contain- 
ing H.SiF, are formed by absorption 
of SiF, in fog formed in the saturated 
den and mixer gases. 

The fraction of the fluorine which 
is evolved depends in part upon the 
materials used and the conditions of 
the process, and ranges from about 
16 to 42% (see Table V). Atmos- 
pheric pollution by fluorides from 
superphosphate plants has been re- 
ported frequently in the literature, 
and numerous control systems have 
been developed (4-4,77,91,107) | 


Defluorination of Superphosphate 


In some cases it is necessary or de- 
sirable to remove additional fluorine 
from superphosphate 37), In one 
process?) the phosphate rock is 
treated with sulfuric acid, then heat- 
ed to 200-300°C., driving off about 
90% of the fluorine. Heating of su- 
perphosphate with or without added 
water vapor has been studied on a 
laboratory scale by Fox, et al"), and 
on a pilot plant scale by TVA“). 
Probably the process may be con- 
sidered as an acid distillation; temp- 
eratures employed are too low in most 
cases for pyrohydrolysis to be very 
important. 


Aluminum Reduction Plants 


Some of the major instances of 
fluorosis in livestock have occurred 
in the vicinity of aluminum reduction 
plants (1:27.65,100,101) | The source of the 
fluorine is the molten cryolite bath in 


which the dissolved alumina is elec-. 


trolytically reduced. The mechanism 
by which the fluorine is liberated is a 
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It has been 
claimed) that SiF, is formed by 
reaction of the cryolite with silica 
present in the bath or in the carbon 


matter of dispute”). 


electrodes. The amount of: silica 
present in the bath is deliberately kept 
as low as possible. According to 
other authorities’), a portion of 
the cryolite is volatilized and either 
forms a fume or is partly hydrolyzed 
by moisture in the air to form HF; 
this latter explanation is in closer 
agreement with the properties of 
NaF and AIF; discussed above. 


Both gaseous and particulate fluor- 
ides are formed‘**.12*) ; the two forms 
are reported to be about equal in 
quantity‘). Some of the particulate 
fluoride is undoubtedly mechanically 
entrained, but fumes of both NaF 
and AIF; can be formed, and are re- 
ported to be of very fine particle 
size () , 

The surface of the bath is covered 
by a crust of alumina which must be 
periodically broken to permit escape 
of gases and addition of alumina“). 
Carbon dioxide is liberated and car- 
ries some of the fluorides with it 
(66,129), At the bath temperature 
(about 1000°C.) the vapor pressures 
of both NaF and AIF,, are significant. 
The principal opportunity for contact 
with water vapor occurs as the lib- 
erated vapors of NaF and AIF; are 
mixed with air above the cell, or 
pot. Since mixing of the air with the 
vapors produces rapid cooling, only 
a short period of time should elapse in 
which temperatures remain high 
enough for pyrohydrolysis to occur, 
and the water vapor concentrations 
are relatively low. Quenching of the 
vapors by the cooler air also produces 
the fume. This probably explains 
the relatively low proportion of gas- 
eous fluoride found; that the amount 
formed is as great as it is, is prob- 
ably due to the susceptibility of AIF; 
to hydrolysis. 

Drinker and Hatch) report that 
most of the fluoride evolved is NaF. 
However, Fig. 1 shows that AIF; is 
more volatile. Pearson ‘®*) states 
that volatilization losses are greater 
for AIF; than for NaF. It is there- 
fore necessary to add AIF; as well as 
cryolite to the pots as make-up. Mar- 
tin and Nelson‘) report that pro- 
duction of one ton of aluminum re- 
quires consumption of 50-60 lbs. of 
cryolite and 70-80 lbs. of AIFs. 


Both Pearson “*) and Kameyama, 


et al **) report that considerable 
amounts of carbon tetrafluoride, 


CF,, are formed in aluminum reduc- 
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tion furnaces. This compound can 
be expected to be extremely inert 
and non-toxic. 


There are apparently no published 
data giving the actual emission of 
fluorine from aluminum reduction op- 
erations. The data of Martin and 
Nelson indicate consumption of cryo- 
lite and AIF; equivalent to 74-87 
lbs. of fluorine/ton of aluminum pro- 
duced; a substantial proportion of 
this is probably lost by volatilization. 


Calcining of Ironstone 


In 1948 Blakemore, et al re- 
ported fluorosis in cattle in Lincoln- 
shire, England, resulting from calci- 
nation of ironstone ore. The disease 
was identified in 1946, after wartime 
expansion of operations. This is the 
first reported instance of fluorosis re- 
sulting from iron and steel manufac- 
ture. 


Calcining was carried out to reduce 
the water content of the ore and to 
decompose carbonate. The ore was 
mixed with coal and heaped into 
ridges, which were then fired. Max- 
imum temperatures reached at least 
1100°C. The ironstone was reported 
to contain 1200 ppm. of fluorine, and 
the coal 100-160 ppm. Blakemore, 
et al reported that 75% of the fluor- 
ine was emitted during calcining. 
However, government investigators 
later had to resort to more elaborate 
sampling methods“), and conclud- 
ed that the average emission of fluor- 
ine was about 30 percent. 


Government investigators also 
studied kiln calcination of ironstone 
(40). In the Midlands, fluorine losses 
were reported to be 15-20% (see 
Table V). In the North of England, 
where calcining temperatures were 
lower, emission of fluorine was said 
to be trivial. Actual kiln tempera- 
tures were not reported. 


Laboratory experiments were 
claimed) to show that the emission 
of fluorine was largely a function of 
temperature. Samples of a Cleve- 
land ironstone containing 950 ppm. 
of fluorine were calcined for 31% hrs. 
at various temperatures. No fluorine 
was emitted at 600°C., but 28% was 
driven off at 750° and 90% at 1050°. 
The effect of water was not con- 
sidered, but the analogy to calcina- 
tion of phosphate rock is obvious. The 
proportion of fluorine emitted in 
plant-scale calcination was in the 
same range as that for sintering or 
nodulizing phosphate rock. 
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Manufacture of Steel by the 
Open Hearth Process 


The largest use of fluorspar is as a 
flux in the manufacture of steel in 
open hearth furnaces. The quantity 
used varies widely in different plants, 
but averages about 6.5 lbs./ton of 
steel produced‘). Roholm®) and 
MaclIntire‘®) have both suggested 
that steel manufacture may emit large 
quantities of fluorine. However, fluor- 
osis in livestock produced by this 
source has been reported only recent- 
ly (-46) , in the vicinity of a steel plant 
in England. More recently, a similar 
instance has been reported in the 
United States. 


British government reports indicate 
that about half of the fluorine added 
as fluorspar is emitted ‘*!) The form 
of fluorine emitted is reported to be 
HF) or HF or SiF,“. An exten- 
sive investigation appears to be under 
way ‘°-4) | but few details have been 
given. The situation in the open 
hearth steel furnace is analogous to 
that in the hearth furnaces used in 
defluorinating molten phosphate rock 
and mechanism of liberation by pyro- 
hydrolysis should be the same also. 


Eitel") reviews a report on vola- 
tilization of fluorine from open hearth 
slags; this claimed that in siliceous 
melts part of the fluorine is evolved 
as SiF,, but that in basic slags the 
CaF. is retained. In view of the 
equilibria calculated above, the emis- 
sion of SiF, is of less importance than 
that of HF, and even in basic slags 
fluorine can be readily liberated by 
pyrohydrolysis. 


Members of the U. S. Public 
Health Service sampled _ effluents 
from an open hearth furnace at Don- 
ora, Pa., following the air pollution 
disaster at that city). The emis- 


sion of fluorine was reported to be . 


very small. However, the amount of 
sampling reported was very limited 
and it is not clear from the pro- 
cedures described that all of the fluor- 
ine which may have been in the 
samples was accounted for. The fluor- 
ine emissions reported by British 
sources appear to be more reliable, 
and the actual emissions from the 
Donora plant were probably much 
higher than reported. However, no 
evidence of any fluorine injury to 
humans or livestock in the Donora 
area was found (®), 


Manufacture of Brick and Pottery 
Fluorine has been reported to be 
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emitted during the manufacture of 
brick (1.101) and pottery (26). Roholm 
(100,101) cites a report of damage to a 
wood by fluorine from a brickworks. 
Blakemore et al‘®), reported fluorosis 
in cattle in the vicinity of a brick- 
works in Bedfordshire, England. In 
the latter case, the clay used in brick- 
making contained 450-550 ppm. of 
fluorine on the dry basis and about 
10% of organic matter. The wet 
bricks were charged to the kilns and 
brought up to the ignition tempera- 
ture, after which they were fired by 
the combustion of the organic ma- 
terial in the clay. About 30% of the 
fluorine was driven off. 


In laboratory tests*), dry clay was 
heated in an electric furnace at dif- 
ferent temperatures. Heating for 30 
min. at 300°C. distilled off oil from 
the organic matter but drove off no 
fluorine, and no significant fluorine 
loss occurred as a result of heating 
for 1 hr. at 500°. About 5% of the 
fluorine was evolved by heating at 
700-800°, and 86% was volatilized 
by heating for 2 hrs. at 1000°. 

Blakemore, et al considered that 
the fluorine was probably volatilized 
as SiF,. However, pyrohydrolysis of 
the fluorides in the clay by water 
from combustion of the organic mat- 
ter is more likely to have occurred. 


Manufacture of Glass and 
Enamel Frit 


In the manufacture of glass and 
enamel frit, fluorspar, cryolite, or 
sodium fluosilicate may be used as 
fluxes or opacifiers“2), It has long 
been known that fluorine is lost in 
melting of glass and enamel batches, 
but the form in which it is lost has 
been the subject of much dispute 
(7,31), Earlier workers reported that 
SiF, was evolved by Reactions 6 or 
7, Weyl@) considers it surpris- 
ing that any fluorine should be re- 
tained in glass in view of the volatili- 
ty of SiF,. However, Blau and Silver- 
man?) reviewed the literature and 
concluded that many earlier inves- 
tigators had made invalid assump- 
tions in calculating loss of fluorine. 
They themselves produced glasses 
with NaF or Cal. added to the 
batches, and found that less than half 
of the fluorine lost could be accounted 
for as NaF, CaF2, or SiFy. They 
concluded that Reaction 15 was a 
more likely mechanism of liberation, 
and that if SiF, were formed it 
probably reacted with water vapor 
before leaving the melt. They also 
considered that F, or OF, might be 


Vol. 7, No. 2 


en 
by 
ica 
on 
ica 
to 
of 
1er 
ed 
F; 
ser 
of 
or- 
ms 
in 
ate 
lly 
aF 
re- 
cle 
red 
be 
29) 
ar- 
it 
ure 
res 
int. 
act 
are 
the 
nly 
2 in 
igh 
ur, 
ons 
the 
ices 
ins 
unt 
ob- 
IF; 
hat 
aF. 
is 
ates 
ater 
| as 
lar- 
ro- 
re- 
of 
ma, 
ible 
ide, 
luc- 
NAL = 


formed, but these products are un- 
likely in view of the extreme reac- 
tivity of the materials concerned. 


Agde and Kraus") concluded that 
SiF, was not formed, but that NaF 
and AIF; added might be sublimed, 
or HF might be formed in the pres- 
ence of moisture. Mialki‘®) con- 
cluded on the basis of X-ray studies 
that SiF, was not evolved, but that 
HF and NaF were. Nagai, et al‘*) 
reported that little SiF, or BF; was 
evolved, and that the fluorine escaped 
chiefly as NaF and F2; formation of 
the latter is highly improbable. 


The fraction of the fluorine lost in 
producing a batch of glass in the 
usual manufacturing operations is re- 
ported to be about 20% “!). Loss of 
fluorine in manufacture of enamel 
frit is reported by one source, but 
without much confidence, to be about 
10% ‘), In tank-type furnaces, the 
situation is again analogous to that 
in the hearth furnace used in de- 
fluorinating phosphate rock, and the 
mechanism of liberation of fluorine 
as HF should be similar. When 
Na2SiF is used as flux, SiF, can be 
formed according to Reaction 5, but 
is probably hydrolized rapidly to HF 
by the moisture in the combustion 
gases. 


In the manufacture of enamels, 
which are low-melting glasses, fluor- 
ides are used in considerable quan- 
tities. Damage from fluorine emis- 
sions due to manufacture of enamel 
and enamel frit has been reported fre- 
quently (©15,16,41-46) Fluorosis in cat- 
tle has been reported in both Britain 
and the Netherlands ‘1%41-46) | as well 
as damage to vegetation and etching 
of glass in the vicinity of the plants. 


Bruins 5) reported that the least 
fluorine emission occurred when 
fluorspar was used as flux, that cryo- 
lite gave a higher fluorine emission, 
and sodium fluosilicate the highest. 
This behavior is consistent with the 
known properties of the three mate- 
rials. BF; was also reported to be 
formed, although it appears unlikely 
that this could be detected even if 
initially formed. Bruins reported 
that the fluorine was present as solid 
compounds as well as in water drop- 
lets and as gases. Distinction between 
gaseous and particulate forms was 
difficult. Unless condensation of 


moisture was avoided in sampling, 
most of the fluorine was found in the 
condensate. 
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Production of Lead, Zinc, and 
Copper 


Apparently there have been no 
recognized instances of damage to 
plants or livestock caused by emis- 
sion of fluorine from smelting of lead, 
zinc, or copper. Roholm®) and 
Davenport and Morgis‘”) cite early 
European literature, which indicates 
that damage from fluorine released 
from copper and zinc smelting may 
have occurred in Germany in the 
latter half of the 19th century. It is 
not unlikely that considerable emis- 
sion of fluorine from non-ferrous 
smelting has since occurred elsewhere, 
but that any damage resulting has 
been masked by that produced by 
other agents, such as sulfur dioxide 
and arsenic. 

Fluorspar is known to be associated 
frequently with the principal ores of 
lead, zinc, and copper, such as galena, 
sphalerite, and chalcopyrite 
Truchot“”) reported that sphalerite 
nearly always contains some CaF», 
ranging from traces up to 0.3%. 
Some American zinc ores are report- 
ed to contain fluorine). Where sul- 
fide ores are used as the source of 
sulfur dioxide in sulfuric acid manu- 
facture, the fluorine compounds vola- 
tilized may damage plant equipment, 
such as lead or silica tower linings 
and packings 117), In contact sul- 
furic acid plants the fluorine com- 
pounds are removed from roaster 
gases by washing“). 

It is possible that modern ore con- 
centration methods may reduce the 
quantity of fluorine in ores, prior to 
smelting, and if smelter gases are 
washed and used in sulfuric acid 
manufacture little fluorine should be 
emitted to the atmosphere. However, 
if waste gases are vented directly to 
the atmosphere significant amounts 
of fluorine may be discharged. The 
common processes, such as sintering, 
calcining, roasting, and smelting in 
blast furnaces or reverberatory hearth 
furnaces are all comparable, with re- 
spect, to fluorine emission, to proces- 


ses which have been described above. 


Manufacture of Cement 


It has been reported that cement 
manufacture may contribute some 
fluorides to the atmosphere 2). How- 
ever, no proven instances of resulting 
damage have been reported, although 
alleged in at least one case‘). Huff- 
man (2) states that the fluorides are 
emitted mostly as dusts. 


Fluorides may be present in both 
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the clay and the limestone used in 
cement manufacture. The conditions 
in a cement kiln are generally favor- 
able to formation of HF by pyrohy- 
drolysis. However, the heavy loading 
of lime dust in the kiln gases should 
also favor conversion of HF to CaF, 
in the cooler zones of the kiln. It is 
therefore probable that the major 
part of the fluorine emitted is in the 
particulate form. A_ considerable 
amount of the particulate fluoride 
may be KF or NaF formed by Reac- 
tions 18 and 19. 

Ross and Merz report a process 
used at one time for recovery of 
potassium, in which CaF, was added 
to the kiln charge. The potassium 
was largely volatilized as KF and re- 
covered in an electrostatic precipi- 
tator. 

Fluorides, such as and MgSiFg, 
are sometimes used in cement manu- 
facture to act as mineralizers and 
promote In such 
cases, increased emission of fluorine 


can be expected. 
Manufacture of Beryllium 


Fluorides are used extensively in 
the manufacture of beryllium‘). 
Since both the beryllium and the 
fluorides are toxic, a definite indus- 
trial hygiene problem exists among 
workers in the industry. Danger to 
persons outside of the plant area has 
apparently been due, however, to the 
beryllium rather than to the fluorides. 


Founding of Aluminum and 
Magnesium 


In foundries producing aluminum 
and magnesium or their alloys, the 
fluxes used frequently contain fluor- 
ides such as cryolite or calcium fluor- 
ide), Furnace practice in aluminum 
foundries is described by Allen, et al 
3) and by Jenny“). Allen, et al 
present some data on concentrations 
of fluorine in waste gases from open 
hearth furnaces used in melting alu- 
minum (see Table IV). 

In casting magnesium, fluorides are 
frequently used as oxidation inhibi- 
tors (27,126); the fluorides have been 
considered mostly from the stand- 
point of danger to workmen in the 
working areas. 


Combustion of Coal 


Various investigators have report- 
ed the presence of small amounts of 
fluorine in coal *%22,23), Crossley 
(22,23) analyzed coals from all the 
British coalfields and found fluorine 
contents ranging from 0-175 ppm. 
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Bradford) and Churchill, et 
report fluorine contents ranging up 
to 295 ppm. in American coals. 
Crossley ‘?) reported that there ap- 
peared to be a correlation between 
the fluorine and phosphorus contents 
of coals, and concluded that the fluor- 
ine was probably present as fluorapa- 
tite. Bradford ®) did not, however, 
find definite evidence of such a cor- 
relation. 

Crossley ashed coal samples in a 
muffle furnace, and found that they 
lost fluorine progressively from 475- 
1000°C, Combustion appeared to 
liberate all of the fluorine, although 
Bradford has since reported that some 
of the fluorine remains in the ash. 
Crossley also coked coals in a test 
apparatus, and found that about 15- 
30% of the fluorine was volatilized at 
1000°. Steaming the coal at 1000° 
liberated additional fluorine. Crossley 
concluded that coking alone at 1000° 
would liberate only about 30% of the 
fluorine, but that steaming might -re- 
lease 75% or more. These results 
again indicate pyrohydrolysis as a 
mechanism of liberation. 

Fluorine in coal must contribute to 
the presence of fluorides in the at- 
mosphere, but there is no evidence 
that the resulting concentrations are 
significant from the standpoint of de- 
velopment of fluorosis or damage to 
vegetation. Churchill, et al“) found 
fluorine concentrations in vegetation 
in a Pennsylvania area which were 
high enough to be potentially dan- 
gerous to livestock ‘*!), and suggested 
that combustion of coal may have 
been partly responsible. However. 
other sources of fluorides in the area 
may have been much more important 
contributors. 


Welding 


Fluorides in welding fumes con- 
stitute an industrial hygiene problem 
rather than an air pollution problem. 
However, some reported data on weld- 
ing fumes (*9,36.114,116) are of interest 
from the standpoint of mechanisms of 
liberation. 

Welding electrodes sometimes em- 
ploy coatings containing consider- 
able amiounts of calcium fluoride. 
Arc temperatures may exceed 3000°C. 
(114) Investigators have re- 
ported that little gaseous fluoride ap- 
pears to be formed, but that much of 
the fluoride in the fume is water- 
soluble. Drinker and Nelson) re- 
port that coatings for stainless steel 
electrodes may contain considerable 
moisture, but found no HF in the 
products from burning electrodes. 


of APCA 


Soluble fluorides could result from 
formation of KF and NaF from re- 
action of the CaF. with potassium 
and sodium silicates present in the 
coatings. 


Summary 


Thermodynamic considerations and 
a review of the literature indicate that 
the principal mechanism of liberation 
of fluorides in high temperature pro- 
cesses is pyrohydrolysis, which re- 
sults in formation of HF. The prin- 
cipal variables in pyrohydrolysis in 
most industrial processes appear to 
be the equilibrium of the reaction, the 
water vapor concentration in the pro- 
cess atmosphere, and the factors 
determining mass transfer. Reaction 
rates appear to be generally high, al- 
though little information is avail- 
able. 

Significant formation of SiF, ap- 
pears to be limited to cases involving 
thermal decomposition of fluosilicates 
or reaction of fluorides and silica 
with acids at relatively low tempera- 
tures. 

Formation of volatile metal fluor- 
ides may be a significant mechanism 
of liberation in some cases, but is 
generally of less importance than 
pyrohydrolysis. 

By analogy to known cases, such as 
are presented in Table V, it should be 
possible to make order-of-magnitude 
estimates of the probable fluorine 
emission from a given process if the 
quantity of input fluorine is known 
or can be estimated. 


Acknowledgment 


The author wishes to express his 
gratitude to Aluminium Laboratories, 
Ltd. for permission to use its unpub- 
lished data on hydrolysis of AIF3. 


References 


© J. N. Agate., et al. Medical Research 
Council Memo. No. 22, London: H. 
M. Stationery Office (1949). 

© G. Agde, and H. F. Krause. Z angew 
Chem. 40, 886-95 (1927). 

® G. L. Allen, F. H. Viets, and L. C. Mc- 
Cabe. U.S. Bur. Mines Inform. Circ. 
No. 7627 (1952). 

E. Anderson, and R. J. Nestell. J. 
Ind. Eng. Chem. 9, 253-61 (1917). 

© J. Atwell. Ind. Eng. Chem. 41, 1318- 
24 (1949). 

“ F. Blakemore, T. J. Bosworth, and H. 
H. Green. J. Comp. Path. Therap. 
58, 267-301 (1948). 

© H. H. Blau, and A. Silverman. Ind. 
_" Chem. 26, 1060-2 (1934). 

Mining Eng. 9, 78-9 

(1957 


™L. J. Bradley. Ind. Eng. Chem. 10, 
834-8 (1918). 
©? R. S. Bradley, F. W. Schroeder, and 


107 


W. D. Keller. J. Am. Ceram. Soc. 
23, 265-70 (1940). 

“» G. L. Bridger. Tenn. Valley Authori- 
ty, Chem. Eng. Rept. No. 5 (1949). 
“2 FE. Briner. Compt. rend. 227, 703-5 

(1948). 
“® J. C. Brosheer. Tenn. Valley Authori- 
ty, Chem. Eng. Rept. No. 6 (1953). 
“J. C. Brosheer, and T. P. Hignett. 
Tenn. Valley Authority, Chem. Eng. 
Rept. No. 7 (1953). 

“) A. W. Bruins. Ber. deut. keram. Ges. 
29, 52-5 (1952). 

°® R. Bruins, M. C. Geerling, H. deGraff, 
and W. Mak. XIlIth International 
Congress of Pure and Applied Chem- 
istry. New York, Sept. 1951. 

°” B. C. Burgess. Bull. Am. Ceram. Soc. 
21, 135-9 (1942). 

°) R. B. Burt, and J. C. Barber. Tenn. 
Valley Authority, Chem. Eng. Report. 
No. 3 (1952). 

© H. V. Churchill, R. J. Rowley, and L. 
N. Martin. Anal Chem. 20, 69-71 
(1948). 

Ceram. Age 57, No. 4, 


“© R. L. Copson, G. R. Pole, and W. H. 
Baskervill. Ind. Eng. Chem. 34, 26- 
32 (1942). 

©) H. E. Crossley. J. Soc. Chem. Ind. 
63, 289-92 (1944). 

Ibid. 342-7. 

@9H,. A. Curtis. Trans. Am. Inst. Chem. 
Engrs. 31, 278-95 ( 

HH. A. Curtis, R. 


Chem. 29, 766- 70 (1937). 

®)'W. A. Damon. Legal aspects of at- 
mospheric pollution and methods of 
control used in Great Britain. In Air 
Pollution, Louis McCabe, ed. New 
York: McGraw-Hill Book Co. (1952). 

®”S. J. Davenport, and G. G. Morgis. 
U. S. Bur. Mines Inform. Circ. No. 
7687 (1954). 

®)L. Domange. Ann. chim. 7, 225-97 
(1937). 

Drinker, and T. Hatch. Industrial 
Dust. 2nd ed. New York: McGraw- 
Hill Book Co. (1954). 

© P. Drinker and K. W. Nelson. J/nd. 
Med. 13, 673-5 (1944) ; also in Texas 
State J. Med. 40, 275-8 (1944). 

@ W.H. J. Eitel. The Physical Chemis- 
try of the Silicates. 3rd ed. Chicago: 
Univ. Press. (1954). 

“2 R. J. Ellerman. J. Metals 7, AIME 
Trans. 203, 813-22 (1955). 

‘®) K, L. Elmore, E. O. Huffman, and W. 
W. Wolf. Ind. Eng. Chem. 34, 40-8 
(1942). 

“ H. J. Emeleus. Nonvolatile inorganic 
fluorides. In Fluorine Chemistry, J. 
H. Simons, ed. Vol. I, pp. 1-76. New 
York: Academic Press, Inc. (1950). 

® A. M. Fairlie. Sulfuric Acid Manu- 
facture. New York: Reinhold Pub- 
lishing Co. (1936). 

“J. J. Ferry. Am. Ind. Hyg. Assoc. 
Quart. 14, 173-6 (1953). 

@ EF. J. Fox, W. L. Hill, K. D. Jacob, 
and D. S. Reynolds. Ind. Eng. Chem. 
38, 329-334 (1946). 

“® Great Britain. 83rd Annual Report 
on Alkali and etc. Works by the 
Chief Inspectors, 1946. London: H. 
M. Stationery Office (1948). 

© Ibid. 84th Ann. Rept. (1948). 

“ Ibid. 85th hua. Rept. (1949). 

“) Ibid. 86th Ann. Rept. (1950). 

“) Ibid. 87th Ann. Rept. (1951). 

“® Ibid. 88th Ann. Rept. (1952). 

“ Tbid. 89th Ann. Rept. (1953). 


Vol, 7, No. 2 


in 

ns 

T- 

y- 

ag 

is 

or 

he 

le 

de 

of 

ed 

im 

re- 

pi- 

nd 

ich 

ine 

in 

52) 

the 

us- 

ng 

to 

nas 

the 

les. 

the 

or- 

\or- 

um | 

t al 

al ‘ 

ons 

pen 

alu- 

are 

ibi- 

een 

ind- 

the 

ort- 

of 

sley 

the 

pm. | 


“® [bid. 90th Ann. Rept. (1954). 

“® Q1st Ann. Rept. (1955). 

“#4 P. Gross, C. Hayman, and O. L. Levi. 
Trans. Faraday Soc. 50, 477-80 
(1954). 

T, P, Hignett. Personal Communica- 
tion (June 5, 1952). 

Hignett. Chem. Eng. Progress 
44, 753-61, 821-32, 895-904 (1948). 
“> T, P. Hignett, and T. N. Hubbuch. 

Ind. Eng. Chem. 38, 1208-16 (1946). 

“ T. P. Hignett, and M. R. Siegel. Ind. 
Eng. Chem. 41, 2493-98 (1949). — 

«“» W, L. Hill, and K. D. Jacob. Mining 
Eng. 6, 994-1000 (1954). 

“2 W. T. Huffmann. Effects on livestock 
of air contamination caused by fluor- 
ide fumes. In Air Pollution, Louis 
McCabe, ed. pp. 59-63. New York. 
McGraw-Hill Book Co. (1952). 

D. Jacob, H. L. Marshall, D. S. 
Reynolds, and T. H. Tremearne. Ind. 
Eng. Chem. 34, 722-8 (1942). 

“© 1). D. Jackson, and J. J. Morgan. J. 
Ind. Eng. Chem. 13, 110-18 (1921). 

©) Ibid. 292-5. \ 

©) J. P. Jenny. Proc. Air Pollution 
Smoke Prevention Assoc. Am. 44, 
105-7 (1951). 

64) N, Kameyama;;T. Somiya, S. Nagaura, 
and Y. Konishi. XIIth International 
Congress of Pure and Applied Chem- 
istry, New York, (Sept. 1951). 

“©” H. H. Kellogg. J. Metals 191, 137- 
41 (1951). ; 

“) R, E. Kirk, and D. F. Othmer, ed. 
Encyclopedia of Chemical Technolo- 
gy. Vol. 6, 656-771. New York: In- 
terscience Publishers, Inc. (1951). 

“© B. G. Klugh. Ind. Eng. Chem. 24, 
371-4 (1932). 

© R, Landau, and R. Rosen. Ind. Eng. 
Chem. 40, 1389-93 (1948). 

EE. J. Largent. The effects of air- 
borne fluorides on livestock. In Air 
Pollution, Louis McCabe, ed. pp. 64- 
72. New York: McGraw-Hill Book 
Co. (1952). 

) S, Laskin, R. A. N. Turner, and H. 
E. Stokinger. U.S. A.E.C. Rept. No. 
MDDC-1355 (1947) 

 H. R. Leech. Research (London) 5, 
449-55 (1952). 

 F. A. Lenfesty, T. D. Farr, and J. C. 


Brosheer. Ind. Eng. Chem. 44, 1448- . 


50 (1952). 

) T., C. McCabe, ed: Air Pollution. New 
York: McGraw-Hill Book Co. (1952). 

Ibid. Ind. Eng. Chem. 47, No. 8, 95A- 
96A (1955). 

“ W. J. McCaughey, K. Kautz, and R. 
G. Wells. Am. Minerologist 33, 200-1 


(1948). 
©) T. N. McVay, and H. Wilson. J. Am. 
Ceram. Soc. 26, 252-61 (1943). 
© W. H. MaclIntire. (to American Zinc, 
Lead and Smelting Co.) U. S. Pat. 
2,584,894 (Feb. 5, 1952). 
 S. L. Madorsky. Ind. Eng. Chem. 23, 
78-84 (1931). 
™ H. L. Marshall, D. S. Reynolds, K. 
D. Jacob, and L. F. Rader, Jr. Ind. 
Eng. Chem. 27, 205-9 (1935). 
2S, W. Martin, and H. W. Nelson. J. 
Metals 7, 540-43 (1955). 
_ ™E. J. Maust. (to Coronet Phosphate 
Co., Inc.) U. S. Pat. 2,446,978 (Aug. 
10, 1948). 
* 'W. W. Mein, Jr. Mining Eng. 3, 534- 
o Memminger, W. H. W 
. G. Memminger, W. H. Waggaman, 
and W. T. Whitney. Ind. Eng. Chem. 
22, 443-6 (1930). 


AUGUST 1957 


“© W. Mialki. Sprechsaal 68, 631-4, 
646-50, 662-4, 674-6, 688-90 (1935). 
“DP, D. Morris, B. P. Sutherland, and 

C. H. Wright. Can. Chem. Met. 21, 
271-4 (1937). 
R, W. Moulton. Trend in Engineer- 

ing at the Univ. of Wash. 2, No. 1, 
16-21 (1950). 
™ Ibid. Chem. Eng. 56, No. 7, 102-4 
9 


(1949). 

> H. T. Mudd. Fluorspar and cryolite. 
In Industrial Rocks and Minerals. 2nd 
ed. pp. 381-403. New York: Am. 
Inst. Min. Met. Engrs. (1949). 

0) G, M. Murphy, and E. L. Rubin. U. S. 
A.E.C. Rept. NYO-3505 (1952). 

2) S. Nagai, and J. Ando. J. Chem. Soc., 
Japan, Ind. Chem. Sect. 56, 583-5 
(1953); CA 48, 11702 (1954). 

‘®) S. Nagai, F. Imoto, and S. Yamazoe. J. 
Ceram. Assoc. Japan 59, 485-8 
(1951); CA’ 46, 3726 (1952). 

S. Nagai, and Y. Kosako. J. Soc. 
Chem. Ind., Japan 38, Suppl. bind- 
ing 229-32 (1935); CA 29, 6161 
(1935). 

“) S. Nagai, and M. Miyasaka. J. Soc. 
Chem. Ind., Japan 37, Suppl. bind- 
ing 419-21 (1934); CA 28, 7190 


(1934). 

©) Ibid. 549-52; CA 29, 700 (1935). 

© S. Nagai, and T. Yoshiura. J. Soc. 
Chem. Ind., Japan 37, Suppl. bind- 
— (1934); CA 29, 1026 


(1935). 

©) Ibid. 38, Suppl. binding 157-60 
(1935) ; CA 29, 5033 (1935). 

© C. J. Osborn. J. Metals 188, No. 3, 
Trans., 600-7 (1950). 

4) T. G. Pearson. The Chemical Back- 
ground of the Aluminum Industry. 
Monograph No. 3. The Royal Insti- 
tute of Chemistry (1955). 

© M. S. Peters. Removal of fluorides 
from gases. In Air Pollution Hand- 
book, P. L. Magill, F. R. Holden, and 
C. E. Ackley, ed. New York: Mc- 
Graw-Hill Book Co. (1956). 

™ A, B. Pettit. Proc. Air Pollution 
Smoke Prevention Assoc. Am. 44, 98- 
105 (1951). 

PH. Phillips. Fluorosis in livestock. 
In Air Pollution, Louis McCabe, ed. 
BP. 123-6. New York: McGraw-Hill 


als: Thermodynamics. New York: 
McGraw-Hill Book Co. (1950). 

W. E. Rand, and H. J. Schmidt. Am. 
J. Vet. Res. 13, No. 46, 50-61 (1952). 

© 1). S. Reynolds, and K. D. Jacob. Ind. 
Eng. Chem. 25, 1321-3 (1933). 

DP. S. Reynolds, K. D. Jacob, and L. 
F. Rader, Jr. Ind. Eng. Chem. 26, 
406-12 (1934). 

) 1. S. Reynolds, K. D. Jacob, H. L. 
Marshall, and L. F. Rader, Jr. Ind. 
Eng. Chem. 27, 87-91 (1935). 

© T. S. Reynolds, H. L. Marshall, K. D. 
Jacob, and L. F. Rader, Jr. Ind. Eng. 
Chem. 28, 678-82 (1936). 

© K. Roholm. J. Ind. Hyg. Toxicol. 19, 
126-37 (1937). 

© Ibid. Fluerine Intoxication. London: 
H. K. Lewis and Co., Ltd. (1937). 

ac) W, H. Ross, and A. R. Merz. J. Ind. 


0 H, J. Schmidt, and W. E. Rand. Am. 
J. Vet Res. 13, No. 46, 38-49 (1952). 


108 


oH. H. Schrenk, H. C. Heimann, G. 
D. Clayton, W. M. Gafafer, and H. 
Wexler. Air Pollution in Donora, Pa. 
Prelim. Rept., Fed. Sec. Agency, Pub- 
lic Health Service. Pub. Health Bull. 
No. 306 (1949). 

0K, A. Sherwin. Chemistry and Ind., 
No. 41, 1274-81 (1955). 

© Ibid. Trans. Instn. Chem. Engrs. 32 


om E. L. Stout. Tenn. Valley Authority, 
Chem. Eng. Rept. No. 4 (1950). 

10M, M. — Jr. Tenn. Valley Au- 
thority, Chem. Eng. Rept. No. 2 
(1948). 

om J. L. Stuckey, and J. J. Amero. J. 
Am. Ceram. Soc. 24, 89-92 (1941). 

2) 1), R. Stull. Ind. Eng. Chem. 39, 517- 
50 (1947). 

@® G. Tarbutton, E. P. Egan, Jr., and S. 
G. Frary. J. Am. Chem. Soc. 63, 
1782-9 (1941). 

“®) B. D. Tebbens, and P. Drinker. J. 
Ind. Hyg. Toxicol. 23, 322-42 (1941). 

“™)M. D. Thomas. Ann. Rev. Plant 
Physiol. 2, 293-322 (1951). 

“© FE. Thrysin, G. Gerhardsson, and S. 
Forssman. Arch. Ind. Hyg. Occupa- 
tional Med. 6, 381-403 (1952). 

©? P. Truchot. Proc. 7th Intern. Congr. 
Applied Chemistry. London, 1909. 
Section II, 62-3. (Abstracted in J. 
Soc. Chem. Ind. 30, 207 (1911). 

™) S. G. Turnbull, A. F. Benning, G. W. 
Feldmann, A. L. Linch, R. C. McHar- 

~ ness, and M. K. Richards. Ind. Eng. 
Chem. 39, 286-8 (1947). 

S. I. Vol’fkovich, V. V. Ilarionov, and 
R. E. Remen. Doklady Akad. Nauk 
S.S.S.R. 97, 715-8 (1954); C.A. 49, 

1258 (1955). 

© W. H. Waggaman. Phosphoric Acid, 
Phosphates and Phosphatic Fertiliz- 
ers. 2nd ed. New York: Reinhold 
Publishing Co. (1952). 

2) J, H. Walthall. Chemistry and tech- 
nology of new phosphate materials. 
In Fertilizer Technology and Re- 
sources in the United States, K. D. 
Jacob, ed. pp. 205-55. New York: 
Academic Press, Inc. (1953). 

©) J. H. Walthall, and G. L. Bridger. 
Ind. Eng. Chem. 35, 774-7 (1943). 

“2 J. C. Warf, W. D. Cline, and R. D. 
Tevebaugh. Anal. Chem. 26, 342-6 
(1954). 

“20 W, A. Weyl. Fluorine compounds in 
lass technology and ceramics. In 
luorine Chemistry, J. H. Simons, ed. 

Vol. I, pp. 553-74. New York: Aca- 
demic Press, Inc. (1950). 

W. T. Whitney, and C. A. Hollings- 
worth. Ind. Eng. Chem. 41, 1325-7 
(1949). 

“2 A, L. Whynes. Trans. Instn. Chem. 
Engrs. 34, 117-26 (1956). 

“29 C, R. Williams. J. Ind. Hyg. Toxicol. 
24, 277-80 (1942). 

°) Ibid. Discussion on the effects of air- 
borne fluorides on livestock. In Air 
Pollution, Louis McCabe, ed. pp. 71-2. 
New York: McGraw-Hill Book Co. 
(1952). 

0284) EF. A. Woods. Private communication. 
Aluminium Laboratories Ltd., Arvida, 
Quebec, Canada (Oct. 23, 1956). 

°C, D. Yaffe. J. Ind. Hyg. Toxicol. 28, 
29-31 (1946). 

oo H. W. Zabel. Chem. Ind. 66, 508-9 
(1950). 


JOURNAL 


(Suppl. No. 1), S129-140 (1954). 
oo J. H. Simons, ed. Fluorine Chemis- 
3 try. Vol. I. New York: Academic 
Press, Inc. (1950). 
: “G. R. Pole. J. Am. Ceram. Soc. 27, 
ihe 181-5 (1944). 
L. Quill, ed. The Chemistry and 
Metallurgy of Miscellaneous Materi- 
Ne Eng. Chem. 14, 302-3 (1922). 
Ibid. 9, 1035-8 (1917). 


we 


Cost Estimates of Liquid-Scrubbing Processes tor 
Removing of Sulfur Dioxide from Flue Gases* 
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Rising consumption of fuels of rela- 
tively high sulfur content, especially 
in heavily populated areas, has caused 
srowing concern over the possibility 
of air pollution by sulfur dioxide. 
This problem undoubtedly will be- 
come more acute in the near future, 
since a large increase in the usage of 
sulfur-containing fuels is anticipated 
for the generation of power and other 
uses. The Federal Government, by 
Public Law 159, authorized the De- 
partment of Health, Education, and 
Welfare to conduct research on air 
pollution. This study of the cost of 
removing sulfur dioxide from flue 
gases by existing liquid-scrubbing 
processes has been prepared by the 
Bureau of Mines in cooperation with 
the Department of Health, Education, 
and Welfare as a part of the air- 
pollution program. 


Three liquid-absorption processes 
using, respectively, a limestone slurry, 
ammonia liquor, and a solution of so- 
dium sulfite, were chosen. They have 
been used either commercially or have 
been studied thoroughly on a pilot- 
plant scale. The purpose of this esti- 
mate is to determine present-day costs 
of these processes for removing sulfur 
dioxide from flue gases. These cost 
figures will also serve as a basis for 
comparison with other processes be- 


ing considered for sulfur dioxide re- 


moval. 


Removal of the sulfur dioxide from 
a coal-burning power plant of 120,- 
000-kw. capacity was chosen as a base 
case, A low-sulfur coal of 1.5 wt.-% 
and a high-sulfur coal of about 5 wt.- 
% are considered. Coal consumption 
of 1 lb./kw. hr. was used, the hourly 
coal requirement being 60 tons. The 
flue-gas volume was assumed to be 
20,000,000 standard ft.*/hr., with sul- 
fur dioxide concentrations of 0.083 


* Presented at the 50th Annual Meeting of 
the Air Pollution Control Association 
held at St. Louis, Mo., June 2-6, 1957. 
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Bruceton, Pa. 


and 0.30% for the low- and high-sul- 
fur coal, respectively. Recently con- 
structed power plants operate more 
efficiently and use less fuel and excess 
air than the values considered in this 
estimate. Obviously the removal of 
sulfur dioxide in such plants would be 
more favorable, because the quantity 
of flue gas and sulfur compounds 
emitted is lower than those shown for 
the same generation capacity. 

Cost estimates have been made for 
removing 90% of the sulfur dioxide 
from gases of both concentration and 
also for 70% removal from the gas 
of 0.30% sulfur dioxide content. 
While it may be unlikely that flue 
gases with concentrations of less than 
0.10% of sulfur dioxide would re- 
quire purification, an estimate has 


Niquer 


Fig. |. SOz removal by the nonregenerative _ 


limestone process. 


been included for the low sulfur di- 
oxide content, because data are avail- 
able for a commercial British plant 
employing the limestone process at 
these conditions. 


Description of the Processes- 


The Nonregenerative Limestone 
Process 


The nonregenerative limestone 
process was the first non-effluent 
process used on a commercial scale 
to lower the sulfur dioxide content 
of flue gas to extremely low limits. 

The commercial plant using lime- 
stone was operated by Howden-ICI in 
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England to remove about 90% of the 
sulfur dioxide from flue gas contain- 
ing 0.1 to 0.2% of this component. 
Application of the limestone process 
at the Fulham power station proved it 
to be highly efficient.) Sulfur di- 
oxide is removed from the gas by a 
neutralizing reaction with a slurry 
containing about 5 to 10% of lime- 
stone or lime as shown by the equa- 
tions: 


CaCO; + SO, — CaSO; + CO, (1) 
CaO + SO.— CaSO; (1-a) 
CaSO; % 0. —> CaSO, (2) 


Lime is the preferable material be- 
cause it is usually more reactive, but 
in most instances the higher cost of 
lime makes its use prohibitive. Both 
calcium sulfite and calcium sulfate are 
formed by the reaction of sulfur di- 
oxide with limestone, and a sludge 
containing these materials, as well as 
some ash, is discharged from this 
process. This sludge is a waste prod- 
uct and is disposed of. 


A schematic flowsheet of the lime- 
stone process is shown in Fig. 1. Flue 
gas at 120°C. passes through distri- 
bution chambers to the scrubbing 
towers, which are connected in paral- 
lel, The towers contain wooden grids 
to provide good contact of gas and 
liquid, with a minimum of pressure 
drop. The gas leaves the scrubbers at 
50°C., and fans are employed to over- 
come the loss of head resulting from 
the scrubbing operation. A slurry of 
pulverized limestone is pumped to 
the top of the absorbers, flows down- 
ward countercurrent to the gas, and 
is passed to delay pits. The slurry is 
held here to permit the growth of 
crystals. Overflow from the delay 
tanks is returned to the absorbers 
after makeup limestone is added. The 
more concentrated slurry leaving the 
bottom of the delay tanks flows to 
cone thickeners and rotary filters in 
which a sludge of calcium sulfite and 
sulfate is separated for disposal. 
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Fig. 2. 
moval of sulfur dioxide. 


Ammoniacal Liquor Process 


The reaction of ammonia and sul- 
fur dioxide in flue gas results in the 
formation principally of ammonium 
sulfate, with small amounts of the sul- 
fite, bisulfite, and thiosulfate formed. 
The principal reactions are: 


2NH; + H,O + SO. > 
(NH4)2SO3 (1) 
NH; + H,0 + SO, > 
NH,(HSO2) (2) 
(NH,)2SO3 + % O2 > 
(NH,4)2SO, (3) 
Absorption towers are similar to 
those used in the limestone process, 
and the design of these towers was 
based upon the information given by 
Rees of the British Electricity Au- 
thority.) As shown in Fig. 2, 2 
stages of scrubbing are provided to 
prevent excessive loss of ammonia, 
the second stage operating with a 
more dilute solution than the first. 
A bleed stream of spent solution from 
the absorbers is processed in the prod- 
uct recovery system. The major por- 
tion is recycled to the absorber after 
the required amount of fresh am- 
monia has been added. The bleed 
stream is treated with sulfuric acid 
in an autoclave at 200 lb./in.? pres- 
sure and about 360°F. About 90% 
of the sulfur dioxide removed is re- 
covered in the form of ammonium sul- 
fate and the remaining 10% as free 
sulfur. After the ammonium sulfate 
solution leaves the autoclave, it flows 
to evaporators and crystallizers, where 
solid ammonium sulfate is recovered. 


Regenerative Sodium Sulfite Process 

The characteristic features of the 
sodium sulfite process follow: 

(1) Sulfur dioxide is removed 
from the flue gas by countercurrent 
scrubbing with a solution containing 
sodium sulfite and bisulfite. Sodium 
bisulfite is the major product, but 
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Ammoniacal liquor process for re- 


Fig. 3. 


Regenerative sodium sulfite process 


for the removal of sulfur dioxide. 


some sulfate ion is formed by reac- 
tion of sodium sulfite with oxygen in 
the flue gas. 


(2) A slurry of calcium sulfite is 
added to the spent solution to remove 
the sulfate ion by the formation of in- 
soluble calcium sulfate. 


(3) After the spent solution is de- 
sulfated, it is treated with zinc oxide 
to form a solution of sodium sulfite 
and a precipitate of zinc sulfite. The 
sodium sulfite is returned to the ab- 
sorber, while the zinc sulfite is fil- 
tered off, dried, and calcined to re- 
cover sulfur dioxide and regenerate 
zinc oxide for reuse. If sulfate ions 
were present in the spent solution, 
losses of zinc would occur by the 
formation of soluble zinc sulfate. 


The various steps of the process are 
illustrated by the flowsheet given as 
Fig. 3, and its operation briefly de- 


scribed as follows: absorption of sul- 
fur dioxide occurs in the scrubber by 
means of the following reaction: 
H.O SO. Na2SOz > 
2NaHSO3. 
The sodium bisulfite content of the 
spent liquor depends upon the amount 
of sulfur dioxide absorbed. A slurry 
containing calcium sulfite is added to 
the spent liquor in a clarifier. The 
spent liquor contains a-small amount 
of fly ash, most of which is removed 
by settling in the ash clarifier. Un- 
derflow from the clarifier, consisting 
of a slurry of ash and calcium sulfite 
and sulfate, flows to a gasifier, where 
sulfur dioxide is added to convert the 
calcium sulfite to soluble calcium bi- 
sulfite, 
CaSO; + H,O + SO. > 
Ca(HSOs3) 

Ash and calcium sulfate are filtered 
from the solution of calcium bisul- 


TABLE | 
Nonregenerative Limestone Process Capital Costs 


SO, content of raw gas, vol—% 


0.083 0.30 


90% removal 


90% removal | 70% removal 


Major equipment installed 
Piping 

Instruments 

Electrical 

Mechanical handling 

Yard improvements 

Buildings 

Miscellaneous 

General utilities and facilities 


Physical Plant Cost 
Engineering and construction 
Contingency 


Fixed Capital 
Working capital 


Total Investment 


$1,312,550 
341,100 
157,500 


$1,497,050 
149,700 181,100 


$1,811,100 


$1,646,750 


$1,992,200 $1,747,200 


(a) Includes field indirect costs, 
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: $ 537,250 $ 649,450 $ 569,450 
f 268,500 325,000 285,000 
18,900 22,800 20,000 
18,900 22,800 20,000 
10,800 13,000 11,400 
; 37,600 45,500 39,900 
2 112,200 136,800 120,000 
40,300 48,600 42,600 
40,300 48,600 42,600 
$1,084,750 $1,150,900 
. 282,100 299,400 
: 130,200 138,100 
$1,588,400 
158,800 


fite, which is treated with lime to 
form calcium sulfite for another cycle 
of desulfation. 

Clarified spent liquor goes to a mix- 
er, where the proper amount of zinc 
oxide is fed. While in the mixer, 
zinc oxide is dispersed in the solu- 
tion, and then the insoluble zinc sul- 
fite begins to form. Crystallization of 
hydrated zinc sulfite is completed in 
an agitated crystallizer by the reac- 
tion 

ZnO + 2 NaHSO; + 1.5 H,O > 

ZnSO3.2.5 H,O Na2SO3. 

The hydrate of zinc sulfite is filtered, 
dried, milled, and calcined and finally 
returned to the mixer as zinc oxide. 
The filtrate separated from the zinc 
sulfite slurry constitutes the regener- 
ated liquor and is pumped back to the 
absorber for further removal of sul- 
fur dioxide. 


Hot gaseous sulfur dioxide and 
water vapor leave the calciner and 
are cooled in the liquefaction plant. 
The condensed water is returned to 
the agitated crystallizer. Part of the 
cooled sulfur dioxide gas is sent to 
the gasifier, and the rest is liquefied 
for shipment. 


This process is essentially self-con- 
tained. Makeup chemicals are re- 
quired primarily as a result of sulfite 
oxidation, spray losses at the scrub- 
ber, and dust losses from the calciner 
and drier. The presence of hydrogen 
chloride or oxides of nitrogen in the 
flue gas causes loss of zinc and other 
reagents by formation of soluble 
chlorides and nitrates. Lime input is 
stoichiometrically equal to the waste 
calcium sulfate; zinc oxide is used to 
replace the dust losses; sodium car- 
bonate replaces the salts lost in the 
absorber spray. 


Cost Estimates 
Capital Costs 


Capital costs were obtained by es- 
timating the installed costs of the 
major equipment and assigning to 
each factors for piping, instrumenta- 
tion;; and other items based upon 
whether the material being processed 
was solid or fluid. Installed costs of 
the major items were estimated from 
the data of Aries and Newton, 
Chilton,‘*) and Nelson.) Factors 
of 1.3 and 1.1 'were used to translate 
costs from 1949 and 1954, respective- 
ly, to 1956. The following informa- 
tion was used as a basis for esti- 
mating the capital costs: The gen- 
eral design basis, flowsheets, material 
balances, heat and energy balances, 
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TABLE I! 
Ammoniacal Liquid Process—Capital Costs 


SO; content of raw gas, vol.—% 


0.083 0.30 

90% removal | 90% removal | 70% removal 
Major equipment installed $1,066,390 $1,637,240 $1,342,700 
Piping 501,200 769,000 630,000 
Instruments 37,325 57,300 47,000 
Electrical 37,325 57,300 47,000 
Mechanical handling 21,330 32,800 26,900 
Yard improvements 74,650 114,800 94,100 

Buildings 223,940 800 J 
Miscellaneous 79,900 122,800 100,900 
General utilities and facilities 79,900 122,800 100,900 
Physical Plant Cost $2,121,960 $3,257,800 $2,671,500 
Engineering and construction 551,700 847,100 694,600 
Contingency 254,600 390,900 320,600 
Fixed Capital ($2,928,300 $4,495,800 | $3,686,700 
Working capital | 292,800 449,600 | 368,700 
Total Investment | $3,221,100 $4,945,400 $4,055,400 


(a) Includes field indirect costs, engineering, overhead and purchasing, and contractors’ fee. 


utility requirements, equipment lists 
and specifications, and a general lay- 
out of the units. Estimates based on 
these factors are considered to range 
from plus or minus 20% of the true 
cost.‘®) However, since the same gen- 
eral assumptions were used for cost 
estimation for each of the 3 processes, 
it is believed that comparative error 
among the estimates is within plus or 
minus 5%. 


The capital costs for the 3 proc- 
esses are shown in Tables I, II, and 
III for the various cases of removal. 
The investment costs are lowest for 
the limestone process, ranging from 


$1,646,750 to $1,992,200, aa are 


highest for the ammonia process. 
varying from $3,221,100 to $4,945.,- 
400. Those of the sodium sulfite 
process are intermediate and are low- 
er than those of the ammonia process 
because only 1 stage of absorption is 
required. No byproduct recovery sys- 
tem is required for the limestone 
process, and accordingly its capital 
costs are less than those of the other 
processes. The plant investment of 
$1,646,750 for purification of the gas 
of low sulfur dioxide concentration 
by the limestone process can be com- 
pared with an estimate of £165,900 
($795,000) made by the British in 
1932.7) Since plant costs have risen 


TABLE Ill 
Sodium Sulfite Process—Capital Costs 


SO, content of raw gas, vol.—% 


0.083 0.30 

90% removal | 90% removal | 70% removal 
Major equipment installed $ 830,410 $1,060,090 $ 897,980 
Piping 348,770 445,240 377,150 
Instruments 29,060 37,100 31,430 
Electrical 29,060 37,100 31,430 
Yard improvement 58,130 74,210 62,860 
Building 174,380 222,620 188,580 
Insulation F 8,300 10,600 8,980 
Miscellaneous 62,300 79,500 68,100 
General utilities and facilities 62,300 79,500 68,100 
Physical Plant Cost $1,602,710 $2,045,960 $1,734,610 
Engineering and construction 416,750 532,000 451,000 
Contingency 192,300 245,500 208,100 
Fixed Capital $2,211,760 $2,823,460 $2,393;700 
Working capital 221,200 282,300 239,400 
Total Investment | $2,433,000 $3,105,800 $2,633,100 

(a) Includes field indirect costs, engineering, d and purchasing, and ” fee. 
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TABLE IV 
Utility and Chemical Requirements and Yield“ of Byproducts 


SO, content of flue gas, vol—% 0.083 


Removal, % 90 
Steam, lb./hr. 0 
Water, gal./hr., fresh 9,760 
Power, kw.-hr. 795 
Fuel oil, gal./hr. 0 
Chemicals, lb./hr. 
Limestone (95% CaCO;) 4,400 
Anhydrous 
20% Oleum -- 
Na:CO; 
ZnO 
Lime 


Yield of byproducts, tons/day 
Ammonium sulfate 


Sulfur 
Sulfur dioxide 


Limestone process Sodium sulfite process 
90 70 90 90 70 90 90 

0 0 16,000 58,000 45,200 4,430 27,300 
11,160 9,130 13,020 23,970 18,670 19,200 75,900 
936 735 1,380 1,465 1,150 325 419 
0 0 0 0 0 184 433 
— 262 945 735 
ai — | ser 215.5 167.8 


2- to 3-fold in that time, the present- 


mated at about $2,000,000. 
Operating Costs 


Annual operating costs of the 3 
processes were computed from the 
utility and chemical requirements 
shown in Table IV, the estimated la- 
bor requirements, and the capital 
costs. Yields of byproducts also are 
shown in Table IV. 


Annual operating costs of the 3 
rocesses are listed in Tables V, VI, 
and VII. Included in the direct costs 
are utilities and chemicals consumed, 


(a) Quantities for treating 20,000,000 SCFH flue gas. 


day equivalent might be approxi- . 


asec asec aec 
LIMESTONE soo1um 
Fig. 4. Capital cost of SO.—removal proc- 


esses. 
Case A—90% removal from gas of 0.083% 
SO, content. 

0.30 


Case B—70% 
Case C—90% 


direct labor, plant maintenance, pay- 
roll (18.5% of payroll), 
and operating supplies (15% of main- 
tenance). Indirect costs are charged 
at 50% of operating labor, direct 
supervision, plant maintenance, and 
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operating supplies. Fixed costs con- Fuel oil 
sist of taxes and insurance at 2% and — .073/gal. 
depreciation at 5% of the fixed capi- Limestone 
The following charges have been 100.00 
made for utilities and chemicals: liens : 
Power — 35.00 
— $ 0.0055/kw. hr. Sodium carbonate 
Fresh water (Na2CO3.H.0) 
— 10/1000 gal. — 63.40 
Circulating water Lime 
— .03/1000 gal. — 15.00 
Steam Zinc oxide 
.37/1000 lb. — 305.40 


TABLE V 


6.00/ton delivered 


Nonregenerative Limestone Process—Annual Operating Costs (330 days’ operation) 


SO, content of raw gas, vol.—% 


0.083 


90% removal | 70% removal 


Direct costs 
(a) Raw materials 
Power $ 34,600 $ 40,800 
Fresh water 7,750 8,850 


Limestone 


(b) Direct labor 
4 men/shift at $2.25/hr./man 
lus supervision 90,700 90,700 90,700 
(c) Plant maintenance 
r 62,400 72,000 67,100 
Materials 36,800 40,900 38,100 
(d) Payroll overhead 28,400 30,100 29,200 
(e) Operating supplies 14,900 16,900 15,800 
Total direct costs 250 $678,200 $575,150 
Indirect costs 102,500 110,300 105, 
Fixed costs 
Taxes and insurance 29,800 36,200 34,950 
Depreciation 74,800 90,500 87,000 
Total operating costs $587,500 $915,200 $803,000 
Cost: $/ton coal consumed 1.24 1.93 1.69 
mills/kw. hr. 0.62 0.87 0.85 
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30 
70 
300 
100 
330 
338 
241 
1 
3 
| | 0.30 
| 90% removal 
$ 32,000 
2 7,250 
$147,050 $427,650 $334,250 


TABLE VI 


Ammoniacal Liquid Process—Annual Operating Costs (330 days' operation) 


SO, content of raw gas, vol.—% 


tained if sulfuric acid is recovered as 
the byproduct. 

Extreme caution must be used in 
allowance for byproducts, especially 


0.083 0.30 
in the case of ammonium sulfate. The 
90% removal _| 90% removal _| 70% removel total quantity of ammonium sulfate 
Direct coots produced from ammonia in 1955 
(a) materials (1,131,106 tons) would be ob- 
team , tained from only 16 power plants of 
Freak water 10'320 18.990 ame 120,000 kw. capacity in which 90% 
Piuieaed seuter 7,690 27.700 21,600 of the sulfur dioxide was removed 
Anhydrous ammonia liquor ,000 ,830,000 1,425,000 from a flue gas containing 0.30% of 
Oleum 36,300 ,800 101,800 this material. On the other hand, al- 
. $ 670,210 $2,241,590 $1,745,980 ae of byproduct credit for sul- 
(b) Direct labor ur and sulfur dioxide is less specu- 
5 men/shift at $2.25/hr./man lative. Approximately 90% of the 
plus supervision 113,300 113,300 113,300 sulfur produced or recovered in vari- 
(c) ws ‘cemnmemed 97.420 101.710 99,500 ous forms eventually is converted to 
Materials 97,420 101.710 99,500 sulfurous and sulfuric acid, with sul- 
(d) Payroll overhead 39,000 39,800 39,300 fur dioxide the intermediate prod- 
(e) Operating supplies 29,450 31,200 29,800 uct.) The sulfur dioxide recovered 
Total direct costs $1,046,800 | $2,629,310 | $2,127,380 from the flue gas of a 120,000 kw. 
ledteiab iiaiite 168,800 174,000 171.100 power plant would be equivalent to 
Fixed costs only one-three hundredth of the 1955 
Taxes and insurance 58,500 89,900 73,700 consumption of 15,800,000 tons of 
Depreciation 146,200 214,600 184,500 sulfuric acid. 
Total operating costs 1,420,300 107,800 56,700 : . 
Cost: $/ton 2.99 6.54 5.38 General Considerations 
mills/kw. hr. 1.50 3.27 2.69 In general, the capital requirement 
for a power plant burning coal would 
be increased 10 to 20% by the addi- 
tion of scrubbing facilities. The op- 
erating costs/ton of coal consumed 
The operating costs of $1.24 to 
$1.93/ton of coal consumed for the TABLE Vil 


limestone process are the lowest in 
all 3 cases if no credit for byproducts 
is allowed for the ammonia and so- 
dium sulfite processes. A comparison 
summarizing the operating and in- 
vestment costs is shown in Table 
VIII. This comparison is facilitated 
by the use of Fig. 4 and 5, in which 
the capital and operating costs of 
the processes are illustrated by bar 
graphs. Ifthe ammonium sulfate and 
sulfur produced in the ammonia proc- 
ess can be credited at their market 
prices at the end of 1956 of $32.00 
and $28.00/ton, respectively (Table 
IX), the operating costs of the am- 
monia process become the lowest for 
purification of the gas containing 
0.30% sulfur dioxide. The operating 
costs of the sodium sulfite process for 
purification of the gas of high sulfur 
dioxide content approach those of the 
limestone process when the byproduct 
sulfur dioxide is credited at $14.00/ 
ton. The market price of liquefied 
sulfur dioxide is about $90.00/ton, 
because of the extremely limited de- 
mand for this material, but the sul- 
fur dioxide has been credited at a 
value equivalent to sulfur at $28.00/ 
ton. As shown in Table IX, the 
highest byproduct credit can be ob- 
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Sodium Sulfite Process—Annual Operating Costs (330 days’ operation) 


SO. content of raw gas, vol.—% 


0.083 0.30 
90% removal | 90% removal | 70% removal 
Direct costs 
(a) Raw materials 
Power $ 17,750 $ 22,850 $ 18,000 
Fresh water 9,000 75,000 000 
Steam 16,000 98,700 77,000 
Fuel oil 133,000 302,700 238,750 
Sodium carbonate 90,900 90,900 70,900 
Lime 69,400 69,400 54,100 
Zinc oxide 35,900 84,700 76,300 
$ 381,950 $ 744,250 $ 593,550 
(b) Direct labor 
5 men/shift at $2.25/hr./man 
plus supervision 113,300 113,300 113,300 
(c) Plant maintenance 
Labor 77,500 99,000 84,000 
Materials 77,500 99,000 84,000 
(d) Payroll overhead x 35,200 39,300 36,500 
(e) Operating supplies 23,200 29,700 25,200 
Total direct costs $ 708,650 $1,124,550 $ 936,550 
Indirect costs 145,800 170,500 153,000 
Fixed charges 
Taxes and insurance 44,200 56,500 47,900 
Depreciation 110,800 141,200 120,000 
Total operating costs $1,009,400 $1,492,800 $1,257,500 
Cost: $/ton coal consumed 2.13 3.15 2.65 
mills/kw. hr. 1.07 1.58 1.33 
$/ton of liquid SO. produced, 185.5 42.3 44.3 
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TABLE Vili 


Summary of Costs of Scrubbing SO from Flue Gas“ of Power Plant of 120,000-Kw. Capacity 


SO; content of flue gas before scrubbing, vol—% 


0.083 0.30 
90% removal 90% removal 70% removal 
Total investment 
Limestone process | $1,646,750 $1,992,200 $1,747,200 
Ammonia process 3,221,100 4,945,400 4,055,400 
Sodium sulfite process | 2,433,000 3,105,800 2,633,100 
Annual operating costs“ $/ton coal consumed 
No credit Credit for? | No credit Credit for No credit Credit for 
for products products | for products products for products products 
Limestone process 1.24 1.93 
Ammonia process 2.99 1.62 6.54 1.43 5.38 1.41 
Sodium sulfite process 2.10 1.97 | 3.21 2.17 2.75 1.91 


(a) 475,000 tons/year coal consumed; sulfur content of 1.5 and 5%, respeotively. 
(b) Including working capital at 10% of fixed capital. 


(c) No provision for return or interest on investment. 


(d) Ammonium sulfate at $32.00/ton; sulfur at $28.00/ton; SO2 at $14.00/ton. 
(e) Anhydrous ammonia charged at 100.00/ton delivered. 


vary from about $1.25 to $2.00, al- 
lowing credit for products and for the 
ammonia and sodium sulfite proc- 
esses would be appreciably higher, 


7 3.6 


Fig. 5. Operating cost of SO. removal proc- 


esses. Top of shaded areas show net cost 
after allowing byproduct credit. 

Case A—90% removal from gas of 0.083% 
SO; content. 

Case B—70% 


0.30 
with no byproduct credit allowed. 
This amounts to operating costs from 
about 0.6 to over 1 mill/kw. hr. of 
power generated, without charge on 
the capital investment. Actually, the 
cost of the coal consumed to generate 
power amounts to only 2 to 3 mills/ 
kw. hr., with the cost of coal in the 
$4.00 to $6.00/ton price range. 


No allowance has been made in 
these estimates to provide for capital 
charges. These will vary, depending 
upon the method by which the plant 
is financed. The capital charges for 
the various plants at rates of 6, 9, and 
12% are shown in Table X. For a 
charge of 6%, the cost of sulfur di- 
oxide removal would be increased 
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from $0.21 to $0.62/ton of coal above 
the costs shown in Table VIII. 
Although the costs of these puri- 
fication processes reflect an appre- 
ciable increment/ton of coal con- 
sumed or power generated, they are 
consistent with the costs to be ex- 
pected for the type of chemical op- 
erations involved. Undoubtedly im- 
proved process techniques can effect 
significant reduction in the cost of re- 
moving sulfur dioxide from flue gases. 


TABLE IX 


(Sulfuric acid equivalent price.) 


Purification processes operating at 
normal flue gas temperatures would 
have advantages both costwise and 
from a technical point of view. After 
purification, the hot gases would be 
discharged in the usual fashion and 
disperse readily, whereas, when the 
flue gas is cooled, additional power is 
required to discharge it, and there is 
the possibility of rapid settling and 
localized pollution by the residual sul- 
fur dioxide. Pollution due to this 


Market Prices of Sulfur Products, 1956‘ 


Product 


Dollars/ton 


Dollars/ton 
sulfur equivalent 


Sulfur 28.00 28.00 

Sulfuric acid (100%) 23.50 71.90 (3.06 tons) 
Ammonium sulfate 32.00 24.70 (3.94 tons) 
Sulfur dioxide, gas 14.00 28.00 (2 tons) 


(a) Chemical and Engineering News, Prices, 4th quarter, 1956. 


(b) Computed as sulfur equivalent. 


(c) Corrected for 1.015 tons of ammonia required at $100.00/ton delviered. 


TABLE X 
Capital Charge on Total Investment ($/ton coal consumed) 


Capital charge, % 


6 9 12 
Limestone process: 
0.083% SOs in gas 0.21 0.31 0.42 
.30% in gas 
90% removal 25 38 50 
70% removal 22 33 44 
Ammoniacal liquid process: 
0.083% SOz in gas Al 61 81 
.30% SOz in gas 
90% removal 62 94 1.25 
70% removal BI 77 1.03 
Sodium sulfite process: | 
0.083% SOs. in gas 31 | 46 62 
.30% SOs in gas | 
90% removal 39 59 78 
70% removal 33 50 67 
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cause has actually occurred at a pow- 
er station in England where liquid 
scrubbing was employed. “!) 

Other desirable features to achieve 
cost reductions are: 


(1) Use of absorbents that are 
readily reactivated for reuse with 
minimum replacement. 


(2) Recovery of the sulfur dioxide 
in a convenient form for sulfuric acid 
production rather than in some less 
valuable form or as a waste product 
for which no credit can be obtained. 

(3) Development of a simple proc- 
ess scheme for both purification and 
byproduct recovery to reduce capital 
costs. 

However, regardless of the amount 


of cost reduction achieved by im- 
proved processes, necessarily there 
will be additional capital outlay and 
operating costs to remove sulfur di- 
oxide from flue gases. These costs 
will have to be added to the cost of 
power generation and may be justi- 
fied by the advantages of cleaner air. 
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CHARLES W. GRUBER and GEORGE A. JUTZE 


Large particles are a very impor- 
tant part of the Cincinnati Air Pol- 
lution complex and are the objects of 
many nuisance complaints to the Cin- 
cinnati Bureau of Air Pollution Con- 
trol. For example, causes of citizen 
protests are found in the grit on the 
porch, the fly ash on the nice new 
cream colored auto of the night 
watchman, or the specks on the im- 
portant letter freshly typed by the 
boss’s secretary. Complaints reflect 
the subjective reaction of people to 
varying degrees of particle deposit 
based on their individual tempera- 
ment and what they have been accus- 
tomed to, and is generally unrelated 
to the quantity of fall reported in the 
monthly dust fall report. One would 
expect this because of the wide varia- 
tion in levels from local sources. For 
purposes of this paper large particles 
are considered to range upward from 
5p, which size can be readily observed 
as individual. particles with well 
lighted magnification of about 14x. 


Our long experience with dust fall 


* Presented at the 50th Annual Meeting 
of the Air Pollution Control Association 
held at St. Louis, Mo., June 2-6, 1957. 


of APCA 


City of Cincinnati 
Cincinnati, Ohio 


measurement by the jar method has 
taught us the shortcomings of the 
dust fall station in an effort to locate 
the offender in a complaint situation 
caused by large particles or grit. A 
dust jar will give no indication of the 
direction or the source of the material 


collected. 


The early development of the Di- 
rectional Dust Fall Collector at Bat- 
telle Memorial Institute by H. P. 
Munger and his associates was 
watched with keen interest. However, 


the complexity of the device led to a — 


rather high cost instrument when it 
was produced commercially. This in- 
strument may be suitable for a single 
sample station, but the need for a 
multiplicity of sampling stations in 
connection with large particle study 
indicated that a more simplified tech- 
nique was desirable. 


The results of dust fall are gener- 
ally reported as a weight of fall/unit 
of area. The weight of fall is not 
the best indication of the nuisance 
effect of large particle fallout because 
of the very wide range of particle size. 
The number of particles collected is a 
far more important factor in the proc- 
ess of evaluating a given situation. 
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There is nothing new or original 
about the use of sticky paper in col- 
lecting particle fallout for study. 
Much use has been made of such ma- 
terials as greased aluminum foil or 
adhesive materials mounted horizon- 
tally as flat surfaces on which the par- 
ticles are trapped as they fall to the 
ground from high places. The usual 
evaluation is by weight, before and 
after exposure. 

Having before us the need for a 
direction indication from which the 
particles originate and a better means 
of evaluation than mass rate of fall. 
attention was given to the possibility 
of using an adhesive surface placed 
vertically with the catch being evalu- 
ated by visual means. Since the 
nuisance of large particles is asso- 
ciated largely with particles which are 
dark colored, mostly black, the use 
of white adhesive paper was a logical 
choice. So perhaps then, the most 
important contribution of the Cin- 
cinnati method is the use of the verti- 
cal surface for direction indication 
and the determination of an esti- 
mated count of the particle catch by 
visual reference to a set of standards 
which have been carefully counted. 
An instrument was then constructed 
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TABLE | 
1955 Comparative Sticky Paper Surveys 


Particles/in.* 
Ss 


Tot. part./ 
week/8 in.’ 
all direct. 


Date 


Dirtiest Week 
Cleanest Week 


Average Week 


156000 2/28- 


3/7/56 


3/14 
3/21/56 


Avg. 


77700 


103000 


Dirtiest Week 


Cleanest Week 


Residential 


Average Week 3000 2500 


2300 


4700 4800 3600 2100 


52900 2/9- 
2/16/56 


7/26- 
8/2 


Avg. 


17900 1800 


1900 25100 4700 


to rapidly evaluate the test catch ac- 
cording to 8 directions of the compass 
as well as the vertical fallout and the 
results recorded by a count number 
ranging from 1 to 9. Thus, the result 
of the particle catch is recorded as a 
number which in turn has been cali- 
brated to a psi. (of collecting surface) 
value. 


As often happens the complicated 
device is first conceived and leads the 
way to simple solution. One of the 
early instruments constructed and 
then discarded was a circle of ad- 
hesive paper wrapped around the 
outside of an 8 in. dia. fruit cake 
tin plus a flat disc faced upward. 
This holder was stationary. Around 
this holder was a rotating shield in 
which was a 2 x 2 window cut in the 
shield in the vertical side and one in 
the top. To the shield was fastened 
a wind vane and the unit set out to 
rotate with the wind and expose only 
the down wind face while the rest 
of the adhesive strip was protected. 
The results were not in any way com- 
mensurate with the effort and little 
directional pattern was evident on 
the catch. However, when the com- 
plicated shield was removed and the 
circular adhesive paper exposed the 
results were quite directional. Then 
a few strips of the adhesive paper were 
wrapped around light poles and from 
this point the circular jar methods 
for holding the sticky paper in the 
field were developed. The use of the 
jar tied nicely with the construction 
of the particle comparator. A more 
detailed description of the technique 
and instrumentation follows. 


The paper used is a self adhesive 
label paper. One hundred sheets, 
251 x 20 in. may be purchased for 


AUGUST 1957 7 


$22.50. Jars are a standard item at 
any supply house, being 24% in. in 
diam. and 34% in. deep. The screw 
top is riveted to the end of a \% in. 
wood bracket which is 18 in. in length 
and easily attached to any suitable 
support. The usual support used in 
our program is a utility pole mounted 
about 10 ft. off the ground. 

The visual comparator consists of 
a cylinder, 41% in. in diam., attached 
to a slotted gear indicator by means 
of a drive shaft. The gear con. 
tains 8 slots, allowing for the 8 points 
of the compass. The standards are 
mounted on the cylinder, directly un- 
der an observation slot, by means of 
black plastic tape. The cylinder is 
rotated manually as each point of the 
compass is read, The standards and 
samples are then viewed through a 
fluorescent, illuminated magnifier of 


4 power magnification with rigid 6 
in. arms and a portable base. The 
comparator was designed and con- 
structed by the author. The viewer is 
a standard illuminated inspection 
glass. 

The standards are prepared by 
random scattering of typical particu- 
late matter on sticky paper. This may 
be accomplished by use of an air 
spray or by physical scattering. These 
catches are then sprayed with clear 
plastic preservative, and, after dry- 
ing, portions are selected which vis- 
ually approximate the desired par- 
ticle count. These portions are cut 
into 1 in. squares and then counted 
under 14x magnification. By neces- 
sity, a trial and error method of se- 
lection must be used until the desired 
standards are found. They are then 
assigned an intensity code number. 


TABLE II 
Variation of the Shaded Jar From the 
Average of the Other Three for the Same Time Period 


Date 


Average 
variations 
in 
code units 


South 


11/27-12/4 
12/4 -12/11 
12/11-12/18 
12/18-12/26 
12/26-1/1/57 
1/1 -1/8 
1/8 -1/15 
1/15-1/21 
1/21-1/28 
1/28-2/6 
2/6- 2/11 
2/11-2/18 
2/25-3/4 
3/4 -3/11 
3/11-3/18 


—% 
+% 
—% 
+% 
—t 
—% 
-% 
-% 


Average Variation — —14 Particle Catch/evaluation Number, 
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Top fall 
N NE E sw Ww NW /in3 
po 21000 | 21000 | 18000 | 18000 | 18000 | 18000 | 21000 | 21000 
: 4400 | 4400 | 6000 | 15000 | 8700 | 12000 | 15000 | 12000 — 15000 a 
mE 7800 | 9700 | 14000 | 15000 | 13000 | 15000 | 17000 | 11000 | 19000 || 
| 2900 | +1800 | 2900 | 18000 | 18000 | 9000 | 2900 | 2900 
| «1800 | +1800 | 1800 | 2900 | 4400 | 1800 | 1800 | 1800 
| 
—% +% —% 0 
—1 -1 —% 
0 —% +% —% 
—% +% +% +% 
—% —% —% 
—% 0 —% —% 
0 —1 —% —1 
—% 0 +1% 
—% 0 0 0 
—1 +% +% 
0 —% —% 
+% —% —% —1 
—% —1% 0 +1% 


In our program, these code numbers 
are used as follows: 


1— 1250 pp./in.? 

2— 2500 ” 

3— 3750 ” Large and sm 

4 med 7500 ” ” ” ” 

5 ss 10000 ” ” ” ” 
6—17500 ” Large and small 
7— 22500 ” 

8— 30000 ” 

9— 45000 ” 


In the range of 3750 to 17500 par- 
ticles/in.? that is, the transition pe- 
riod from a small to a larger type of 
particle, 2 standards are prepared for 
each intensity number. We have 
found that in our particular case, we 
may catch small and large particu- 
lates or a mixture of both, depending 
on influencing conditions. Thus, a 
standard composed of small particles 
and one with significantly larger par- 
ticles are mounted side by side on 
the comparator to aid in a more true 
evaluation of the sample. 

The selection of a sampling site 
should be a matter of good judgment. 
It is suggested, however, that the gen- 
eral specifications outlined in the Air 
Pollution Measurement Committee 
Report of the APCA on dust fall 
measurement stations would apply in 
a majority of cases, The jars set out 


in our program are mounted in 2 
ways. The previously described 
bracket is attached to utility poles 
while in many cases we use a 6 ft. 
metal pole cemented into a discarded 
auto battery box. The screw cap is 
then soldered to the top of the pole 
and this becomes a very suitable 
mount for mobile operations. In the 
routine air monitoring program, an 
exposure period is 1 wk., but in our 
spot studies, the period is determined 
by the situation. 


When the sampling period has been 
completed, the samples are returned 
to the laboratory in a dust-free carry- 
ing case and immediately evaluated. 
The jars are placed on the comparator 
and the eight directional and top 
catch estimates are made. If the sam- 
ple contains any unusual particulate 
or if any of the catch necessitates 
identification, the paper is sprayed 
with plastic, the desired section cut 
out and observed under the micro- 
scope using direct light. 


The intensity numbers for the 8 
side readings and the top-fall reading 
are then received on a standard data 
sheet. This record sheet is nothing 
more than a form showing date, ex- 
posure period, 8 directional and 1 
top-fall columns and final space for 


TABLE Ill 
Four Selected Weeks From 15-Wk. Test 
Showing Best and Worst Week Data 


remarks. By use of this type sheet, 
our data is presented both concisely 
and completely in a neat and efficient 
manner. 


A good example of our method of 
reporting results may be illustrated 
by the 1955 yearly averages, includ- 
ing the cleanest and dirtiest periods 


for the year. They are shown in 
Table I. 


In order to determine if a utility 
pole exhibited any shading influence 
on the bracket mounted sticky paper 
jar, a 15-wk. survey was undertaken. 
Four jars were mounted at the same 
level on a utility pole, with each 
bracket directed to one of the 4 major 
points of the compass. All 4 jars 
were oriented to the north as required 
by our sampling procedure. It is 
easily seen that any shading by the 
utility pole would be indicated on that 
jar which was located behind the 
pole in the path of any prevailing 
wind. Tables II and III indicate the 
result of the survey. 


Examination of the data shows an 
average variation of the shaded jar 
from the average of the other 3 for 
the same time period of — 14 par- 
ticle catch number. This influence 
lies well within the accuracy of the 
method. 


Segment 


Date evaluated 


S W Date 


Segment 
evaluated 


Range 0 
12/18/56 | Average Catch on 
Be 3 Open Segments 2 
Catch on Segment 
12/26/56 | of Shaded Jar 2 


Shaded Jan 


Range 
2/11/57 | Average Catch on 
3 Open Segments 4 
Catch on Segment 
2/18/57 | of Shaded Jar 3 


Shaded Jar 


Shaded Jar 


2-3 3-4 3-4 Range 3-4 0 0 0 
2/6/57 | Average Catch on 

214 3% 3% a 3 Open Segments 31g 2 3 3 
Catch on Segment 

4 3 2/11/57 | of Shaded Jar 3 2 3 3 


Range 


3/11/57 | Average Catch on 
3 Open Segments 3% 413 9 5% 


Catch on Segment 
2 4 3/18/57 | of Shaded Jar 3 3 9 7 


Shaded Jar 
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Incinerator Testing and Test Results 
A Written Dischssion and the Author’s Closure 


Mr. F. R. Rehm has presented a 
useful and valuable paper which 
should lead to a better understanding 
of this subject. But some comments 
are in order concerning his state- 
ments regarding 12% CQz as a stand- 
ard rather than a 50% excess air 
basis. He states the following: A 
correction to a 50% excess air 
basis requires certain specific infor- 
mation and some assumptions to be 
made. The moisture content of the 
feed material must be determined and 
an ultimate analysis of the incinerator 
refuse material would be required. 
With the foregoing information he 
proposes that the theoretical air re- 
quirements be calculated and from 
this the weight of gases with 50% 
excess air can be determined. The 
Orsat analysis permits one to cal- 
culate the actual weight of gases/Ib. 
of refuse and then all of this enables 
one to adjust the actual measured 
dust loading to a 50% excess air 
basis. He very properly states that 
all " this is involved and is imprac- 
tical, 


Fortunately all of these involved 
laboratory tests and calculations are 
unnecessary. It is just as easy to 
transform dust loading to any excess 
air basis as it is to calculate it at any 
percentage of carbon dioxide. In 
either case an Orsat analysis is all 
that is required. It is not necessary 
to know a single thing about the fuel 
or refuse being burned. 


As an illustration suppose that all 
we have is an Orsat analysis and in 
a specific case it is: 


CO. = 13.75% 
= 0.00 
2.87 
No = 83.38 
100.00% 
The ratio 
air supplied _ 
air required 
Ne 


= 1.15 


N, — 3.78 (0, — 0.5 CO) 
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Written Discussion 
ROBERT L. DAUGHERTY 
California Institute of Technology 
Pasadena, Calif. 


or 15% excess air is supplied. An 
alternate procedure is 

100 (O, — 0.5 CO) — 15% 
0.264 N, — (O, — 0.5 air, 


These formulas are accurate. The 
only assumption involved is that all 
of the nitrogen in the flue gas is from 
the air. But the amount of nitrogen 
in the fuel or refuse is so small in 
comparison that the error is negli- 
gible. 


To prove the accuracy of the cal- 
culation the more involved calcula- 
tions will now be presented for the 
corresponding fuel which is 


C =0.853 

H. = 0.1 13 

S = 0.007 

Ne = 0.007 

O2 = 0.005 

Water — 0.015 
1.000 lb. 


The air theoretically required/Ib. 
of this fuel is 13.717 lb. For com- 
plete combustion with 15% excess air 
the products are: 


CO, = 3.128 Ib. 
H,O = 1.017 
H.O = 0.015 
SO.= 0.014 from Hg in fuel 
O2= 0.478 from water in fuel 
No = 12.112 
16.764 lb. 


In the Orsat apparatus the reagent 
which absorbs and thus measures the 
CO, also absorbs SO, and hence the 
latter will appear in the Orsat anal- 
ysis as so much CO.. Thus the com- 
puted Orsat analysis for the dry flue 
gas will be: 


CO. = 13.725% by volume 


2.878 
Ne = 83.382 
99.985 


The slight discrepancy between this 


table and that previously given may 


be attributed to the fact that there is 
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actually some nitrogen in the fuel, 
and also all calculations employ the 
conventional values of atomic weights 
to 2 significant figures only instead of 
the more precise 4 figure values. 


The value of 12% CO, corresponds 
to about 50% excess air for bitumin- 
ous coal or other substances having 
about the same ratio of carbon to 
hydrogen. For the fuel used in this 
example 12% COz corresponds to 
about 30% excess air while 50% ex- 
cess air will give about 10.4% COs. 

If it were possible to have complete 
combustion with natural gas with no 
excess air the value of the CO per- 
centage would be only 11.75, and this 
is a theoretical maximum only. In 
practice the maximum possible value 
is only about 9 or 10% COs. For 
coke-oven gas the maximum theoret- 
ical value of CO. for no excess air is 
9.7% and the maximum possible 
value in reality is about 8%. Hence 
it is obvious that 12% COz as a stand- 
ard can have no real physical mean- 
ing for such fuels. 


On the other hand for 12% COu, 
coke will have about 77% excess air 
and blast-furnace gas about 320% 
excess air. 
any CO, percentage is a very poor 
criterion, when the aim is to fix a 
standard that will allow a reasonable 
amount of air, but prevent an evasion 
of a law by an excessive dilution of 
the flue gas. It is seen that this can 
be accomplished by specifying some 
specific value of the percentage of 
excess air, which can be applied to 
all fuels or combustibles, and a simple 
Orsat analysis is all that is required. 


Author’s Closure 
F. R. REHM 
County of Milwaukee 


Milwaukee, Wisconsin 


We wish to thank Mr. Robert L. 
Daugherty for his kind words and 
comments with respect to our paper 
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Hence it is seen that . 
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on Incinerator Testing and Test Re- _ Brown for presentation at the Buf- _ ventional Orsat analysis is not a posi- 
sults. We are always glad to receive falo APCA Meeting. tive determination but represents the 
constructive suggestions with respect From this table it is obvious that catch-all quantity. 
to shortening and simplifying the cal- _ the excess air formulae as proposed A number of times in our paper 
culations involved in reporting exit are probably satisfactory for use in we refrained from discussing the 
flue gas dustloadings. the calculation to a 50% excess air _— merits or demerits of the dustloading 
As the sample calculations used in _— basis. The assumption used in the limitations now in effect in various 
Mr. Daugherty’s comments involved _ derivation of these formulae — that | communities. In Los Angeles County, 
the burning of a material which re- _all nitrogen in the flue gas is from _—_ Rule 53b sets the dustloading limita- 
sembles fuel oil, as per the ultimate the air probably introduces negligible tion at: 0.4 gr./ft.2 of gas cal- 
analysis and the resulting flue gas error. However, not enough actual culated to 12% of carbon dioxide 
analysis, we have substituted a ma- __ ultimate analyses of mixed incinerator | (CO,) at standard conditions. In 
terial which more nearly approaches _refuse are available to us to further | Milwaukee County, we, like many 
iel, a mixed incinerator refuse in analysis | comment on this point. Then too,the | communities in the country, have 
the and have used the standard excess air _use of the nitrogen percentage figure | adopted the recommended ASME 
hts formulae to check out its accuracy. | in an Orsat analysis introduces ad- limitation — 0.85 lb. dust/1000 |b. 
| of Using the chemical formulation of ditional chance for error in such a flue gas, adjusted to a 12% Cos 
Cellulose (CgH905),, the attached calculation. We are all cognizant basis, or to a 50% excess air 
ids table had been prepared by Mr. J. E. that the % Nitrogen figure in a con- _— basis. Mr. Daugherty has _ in- 
‘in- 
ing 
to 
TABLE | 
his 
= Combustion Data For Cellulose (CsHicO;)—DRY 
do. 
lete Fuel Air Supplied Combustion Products Ratio Ratio | | 
no C. Gas/ 
er- Mols. | At. Wt. | Wt. # | O, Ne Oz Ne Total | Air/Fuel) Fuel Units 
his Cc 6 | 1201 | 72.06% | 6 |6 |— 22.69 | 2869 | 4782 | 4.782 | Mols. 
5 | 1.008 | 10.08% | ( ( 5.00 | 2.392 2.890 | Mols. 
“oe 0: 2.5 | 16.00 | 80.00% | ( ( = = = = = — | Mols 
For 1 -- 162.144 | 6 22.69 | 6 5.00 -- 22.69 33.69 28.69 33.69 Total 
*0.00 *28.69 *28.69 | Mols. 
° 1 | 6. 22.69 | 6 5.00 -— 22.69 33.69 28.69 33.69 Mols. 
r is | *0.00 *28.69 *28.69 
ble 1.00# | 1.184 3.921 | 1629] 0555 | — 3.921 6.105} 5.105 6.105 Lbs 
nce 0. 5.550 *5.550 
| * 000 * 
nd- 17.81 | 1484 | — 67.35 | 100.00 | — - % Vol. 
an- *20.91 | *0. *79.09 *100.00 
1 9. 34.04 | 6. 5.00 3. 34.04 48.04 48.04 Mols. 
0 ) < *0.00 *43.04 43.04 *43.04 
—— = 1.00# | 1.776 | 5.883 1.629 | 0.555 592 5.883 | 8.659 7.659 8.659 | Lbs. : 
air *0.000 *8.104 *8.104| 
0% re 1249 | 1041 6.24 | 70.86 | 100.00 we % Vol. 
that *13.94 *6.97 | *79.09 | *100.00 | 
oor = 1 12, 45.38 | 6. 5.00 6. 45.38 62.38 57.38 62.38 Mols. 
able 4 3 1.00# | 2.368; 7.842 | 1.629 | 0.555 1.184 7.842 11.210 10.21 11.210 | Lbs. 
*0.000 *10.655 *10.655| 
f 4 9.62 8.01 9.62 72.75 100.00 | — — % Vol. 
*10.46 | *0.00 | *10.46 | *79.08 | *100.00 
— a 1 18 68.08 | 6. 5.00 | 12. 68.08 91.08 | 86.08 91.08 | Mols. 
of o| 1.00# | 3552 | 11.766 | 1629 | 0555 | 2368| 11.766 | 16.318] 15.318 | 16.318 | Lbs. 
1 to *0.000 *15.763 *15.763 
aple = 659 | 549 | 1317 | 74.75 | 100.00 | — = % Vol. 
*6.97 | *0.00 | *13.94 | *79.09 | *100.00 
) 1 24. 90.76 6. 5.00 90.76 119.76 | 114.76 119.76 Mols. 
*0.00 18. *114.76 *114.76 
> 1.00% | 4.736 | 15.684 1.629 | 0.555 3.552 | 15.684 21.420} 20.42 21.420 | Lbs. 
$ *0.000 *20.865 *20.865 
5.01 4.18 15.03 75.78 100.00 | — — % Vol. 
*5.23 | *0.00 *15.68 | *79.09 *100.00 
1 30. 113.45 6. 5.00 24. 113.45 148.45 | 143.45 148.45 Mols. 
*0.00 *143.45 *143.45 | 
1.004 | 5.920} 19.605 1.629 0.555 4.736 | 19.605 26.525) 25.525 26.525 | Lbs. 
8 *0.00 *25.970 *25.970 
tL. 4.04 | 3.37 | 1616 | 7643 | 100.00) — ea % Vol. 
and *4.18 | *0.00 | *16.72 | *79.09 | *100.00 
aper * — Dry Basis 
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dicated that some excess air basis is 
a more equitable limitation than using 
the 12% COz basis, and cited some 
different fuels and the amount of ex- 
cess air to yield a 12% COQ, con- 
dition. In the burning of natural and 
coke-oven gas it is theoretically im- 
possible to reach a 12% CO, exhaust 
gas condition, he rightfully points out. 
We are in agreement with Mr. Daugh- 
erty’s remarks on this subject and 
believe that in general that an excess 
air basis is a more equitable basis for 
setting a dustloading limitation. For 
some processes where dust is evolved 
and combustion does, or does not 
occur, or is incidental to the process, 
we actually feel that a Process Weight 
limitation has considerable merit and 
is a more equitable method of setting 
a limitation. Such limitation, how- 
ever, complicates rather than sim- 


Per Cent Excess Air- % 
8 


Per Cent Carbon Dioxide - % CO, (Dry Basis) 
Combustion data for cellulose [CgH1005]n 


—dry per cent excess air vs. per cent carbon 
dioxide (dry basis). 


Multi-Cycle and Long Cycle 


plifies the field testing needs of an air 
pollution control group. 

In line with the attached table, we 
submit the following graph which 
shows the % Excess Air vs. % Car- 
bon Dioxide (% CO.) — Dry Basis 
for the burning of cellulose. The best 
data we have seen to date indicates 
that the main combustible portion of 
incinerator feed material — paper, 
wood, cardboard, plant material, etc. 
would not deviate materially from cel- 
lulose in chemical analysis. From this 
graph, one can note that a 50% ex- 
cess air basis would be equivalent to 
a 13.94% CO. basis (Dry) — or 
that a 12% COz basis (Dry) would 
be equivalent to a 70% excess air 
basis. This explains the relatively 


close results we reported when cal- 
culating incinerator dustloadings on 
a 12% COs, or a 50% excess air 
basis. 


Automatic Impinger Sampling 


The following excerpts from the au- 
thor’s letter were at the request for 
further information concerning con- 
struction details of the unit by the 
editor. 

. . . The impinger tube to which 
you refer is only in part a specially 
blown item. The center tube together 
with its orifice and impingement plate 
is a unit, having been taken directly 
from the standard impinger (Smith- 
Greenburg). It was purchased di- 
rectly from Corning Glass Works. 
Our only specification was that it be 
as shown in the Corning catalog LP 
36, page 98, cat. no. 404650 and 
7% in. overall length. The outer 
glass casing with the drain fitting 
and side arm were specially formed 
by a local glass blower, as was the 
spray trap. Since these latter pieces 
are not a part of the standard for im- 
pingement, the actual dimensions are 
dictated only by the need for total 
volume and depth of liquid, and the 
desire for compactness. They are 
relatively inexpensive to make be- 
cause they are open at the top. 
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Construction of an automatic im- 
pinger of the materials and design re- 
ferred to in the paper requires some 
work of a specialized nature. This 
precludes the actual construction of 
such a unit by a well organized de- 
partment unless such department be 
equipped to work with heavy gauge 
stainless steel sheets and do some ma- 
chinery of stainless steel parts. They 
could, as we did, let portions of the 
fabrication out to specialists. In 
our case, most of the fabrication of 
the case was done by Losli Sheet 
Metal Works,* specialists in stainless 
steel fabrication. The author did 
some minor fabrication and all of the 
assembly in our own workshop. The 
actual cost of the unit can only be ex- 
pressed as approximately $150 plus 
120 man-hr. of labor. I have turned 
working drawings over to Losli Sheet 
Metal Works. They have been granted 
the right to fabricate, assemble and 
sell the units .. . 


One of the limitations of automatic 
samplers heretofore available has 
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been the lack of flexibility in the se- 
lection and use of timing cycles. 
Thus, if an instrument were built to 
provide a sampling cycle of, say, 1 
hr., this cycle could not be changed 
without replacement of certain es- 
sential parts, such as timing motors 
or cams. Sampling times which would 
be adequate for industrial hygiene 
work would be too short for the much 
lower concentrations ordinarily en- 
countered in air pollution. Also, 
where a few min. of sampling time 
might suffice for 1 pollutant (e.g. 
sulfur dioxide), a sampling cycle of 
several hrs. might be necessary for 
another (e.g. hydrogen fluoride.) 


Recognition of these complications 
together with personnel and budget 
limitations led the author to begin a 
search for suitable methods and com- 
ponents which might be incorporated 
in a functional yet relatively inexpen- 
sive sampling instrument. 


The specific emergency facing the 
Oregon Air Pollution Authority’s 
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staff was the need for an automatic 
impinger to sample fluorides in con- 
nection with the investigation of emis- 
sions from aluminum reduction 
plants. Already large sums of money 
had been involved in court settle- 
ments and other costly actions were 
pending. The need for an independ- 
ent, supplementing investigation by 
the Authority was clear, but the drain 
on its resources would be at the ex- 
pense of other investigations unless 
new methods could be devised. 

It was agreed by the staff that, in- 
sofar as possible, the following re- 
quirements should be met: 

(1) Long period sampling in order 
to obtain enough pollutant (in 
this case fluorides) to permit 
ready laboratory analysis. 

A variety of sampling cycles 
with a high percentage of 
sampling time in each cycle; 
easy conversion from 1 cycle 
to another. 

Reliable component parts re- 
quiring a minimum of service 
and adjustment. 

(4) High resistance to corrosion 

and weather. 

(5) Control of liquid losses be- 
cause of evaporation and me- 
chanical break-off. 

(6) High reservoir capacity for 
long unattended periods and 
large number of samples. 

(7) Smallest size and weight con- 
sistent with required _per- 
formance. 

Many months were spent in a 
search of literature for materials and 
component parts which would satisfy 
the requirements. Many methods of 
timing, dispensing of liquids, and 
evaporation control were investigated 
and discarded before a combination 
of elements was finally selected. 

The requirement of long period 
sampling with a variety of cycles was 
satisfied by using a 12-hr, Haydon 
timing motor to drive a program disk 
into which program pins could be 
inserted. This disk, with its pins, 
was designed and positioned so that 
it would operate switches for control 
of a pump and solenoid valves, and 
would rotate a table holding the re- 
ceiving tubes. Thus, 1 program pin 
provides a 12-hr. cycle; 2 pins, 6-hr 
cycles; 3 pins, 4-hr. cycles; 4 pins, 
3-hr. cycles; 6 pins, 2-hr. cycles; and 
finally 12 pins for l-hr. cycles. For 
the 6-hour cycle, actual sampling time 
(when pump is running) is about 
92% of the cycle time. 

Resistance to corrosion was ob- 
tained by the use of stainless steel 


(2) 
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and plastics. The top and control 
base are of stainless steel; the case 
and door of polyvinyl chloride sheet; 
and the rotating table of plexiglass. 
Supporting brackets, angle stiffeners, 
and machine screws are of stainless 
steel. Polyethylene tubing was se- 
lected because of its ready connection 
to nylon valve fittings and its high re- 
sistance to chemical attack. 

Stainless steel solenoid valves made 
by General Controls were selected, 2 
3-way and 2 straight-through valves 
being employed to accomplish the 
liquid control. (Author’s note: 
The selection of some controls was 
dictated as much by their availability 
at the time as by their satisfaction of 
our requirements. Identification of a 
manufacturer’s product here does not 
necessarily constitute an indorsement 
of the product.) 

In the past, long period sampling 
had shown that mechanical break-off 
of tiny droplets of scrubbing solution 
could be significant, as evidenced by 


the liquid which accumulated in the 
spray trap just ahead of the pump. It 
is considered good practice to return 
this liquid to the original sample. A 
spray trap* was therefore designed 
and mounted so that any droplets 
trapped would be continuously re- 
turned to the original sample. 

The problem of excessive evapora- 
tion was solved by providing for pe- 
riodic releveling of the collecting 
solution in the impinger. This is ac- 
complished by interrupting the samp- 
ling for 1 or 2 min. every hr. while 
the inter-connected impinger and the 
leveling reservoir permit the liquid 
levels to equalize. Design of the 
reservoir® precludes reverse flow 
from the impinger. When evapora- 
tion is great, replenishment is cor- 
respondingly more because of the 
greater difference in levels. 

Large reservoir capacity was pro- 
vided by mounting a large polyethyl- 
ene cannister (514 qt.) on top of the 
case. For long periods of unattended 
operation (1 week or more) in dry 
weather, the reservoir capacity can 
be doubled by placing another can- 
nister alongside and connecting the 
2 with a siphon. This arrangement 
permits refilling the reservoirs from 
the top without disturbing anything 
inside the case. It also reduces the 
chance of spillage inside the case. 

Capacity of the rotating table is 
40 tubes, space being provided by 2 
concentric circles of holes, each circle 
with 20 holes. This arrangement per- 
mits a smaller cabinet size of less 
than 15 in. square. 

The Oregon Air Pollution Author- 
ity’s staff operated one of these auto- 
matic impingers (nicknamed Auto- 
imp) for a period of 2144 months at 
a station 85 miles from the home base 
*Patent applied for. 
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of operations at Portland. The sta- 
tion was serviced only once a week, 
at which time the reservoirs were re- 
filled, the rate of air flow checked, the 
samples removed from the _instru- 
ment, and clean test tubes placed in 
position for the next week’s sampling. 


The total vol. of liquid deposited 
in the tubes can be adjusted by rais- 
ing or lowering the leveling reservoir 
standpipe. The original vol. drawn 
into the impinger can be varied by 
adjusting the bellows to provide for 
greater or less expansion. 


A typical sequence of events during 
a 6-hr. cycle would be as follows: 
(1) Rest. 

a. Drain solenoid open. 

b. 3-way leveling solenoid 
connects leveling reservoir 
with main reservoir; level- 
ing reservoir fills. 

e. 3-way dispenser solenoid 
connects reservoir 
with dispenser; bellows ex- 
pand under pressure to 
permit entry of measured 
vol. of fresh liquid. 

d. Pump still. 

(2) Run. 

a. Drain solenoid closed. 

b. Leveling solenoid — no 
change. 

ce. 3-way solenoid connects 

dispenser with impinger; 


Introduction 


In numerous studies involving air 
sampling, a need exists for a device 
that will take discrete samples pe- 
riodically. A single sampler capable 
of fulfilling the diverse needs of vari- 
ous air sampling programs should 
meet the following criteria: 


(1) It should be easy to con- 
struct, involve no precise 
machining and use mainly 
stock parts. 

(2) It should have a wide se- 
lection of time periods. 

(3) It should be simple and re- 


* Presented at the 50th Annual Meeting 
of the Air Pollution Control Association 
held at St. Louis, Mo., June 2-6, 1957. 

+ Research carried out under the auspices 
of the U. S. Atomic Energy Commission. 
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pump suction draws meas- 
ured vol. of liquid into 
impinger; sampling pro- 
ceeds. 


(3) Level. 
a. Drain solenoid closed. 


b. 3-way leveling solenoid 
connects impinger with 
leveling reservoir, isolates 
both from main reservoir; 
fresh liquid flows from 
leveling reservoir to im- 
pinger until both are at 
same level. 

ce. Dispenser solenoid — no 
change. 


d. Pump still. 

(4) Run. Repeat “2”. 

(5) Level. Repeat “3”. 

(6) Steps “2” and “3” repeated 
alternately until end of sam- 
pling cycle. 

(7) Rest. Repeat “1”; sample 
drains into receiving tube. 


This treatment would not be com- 
plete without some mention of 
weather effects. The most dramatic 
effect, of course, is freezing. This 
will occur first in the impinger be- 
cause of the rapid cooling produced 
by the inrushing cold air. This can 
‘be controlled by keeping a long 
sampling line inside a building or, in 
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liable in operation. 

‘4) It should be usable with 
various types and sizes of 
filters, at various flow rates 
and with any vacuum pump. 

(5) It should be relatively inex- 
pensive. 


A sampler meeting these specifica- 
tions has been developed by the writ- 
er for the Meteorology Group at the 
Brookhaven National Laboratory. 


Numerous samplers, similar in pur- 
pose but different in design and op- 
eration, have been described, but 
none meet all of the above standards. 
Most,: including those reported by 
Kuper, Foster and Bernstein (1950). 
Mansfield (1952), Wilson (1952), 
Hemeon, Sensebough and Haines 
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extreme cold, by wrapping the sam- 
pling tube with a heating tape. Timing 
motors and solenoid valves produce 
an appreciable amount of heat, but a 
special winter-time heater circuit con- 
trolled by a thermoswitch is ready to 
take over whenever the temperature 
in the case falls below 40°F. 

The most troublesome element for 
equipment located out of doors is 
moisture. Particularly condensation, 
that old gremlin constantly on the 
prowl for unprotected devices, has 
probably been responsible for the de- 
struction of more sampling equip- 
ment than any other single factor. It 
can develop short circuits, create 
shock hazard and accelerate corro- 
sion. Either ventilation or heat can 
prevent condensation, but a combina- 
tion of both is better; both have been 
installed in the Autoimp with good 
results. 

This instrument has already proven 
to be a great time saver and a reliable 
addition to our equipment. Two 
others are now under construction 
and an additional unit will probably 
be built for the State’s Occupational 
Health Division. It is hoped that this 
information will be of interest and 
aid to others in the field of air pol- 
lution and industrial hygiene who 
have been troubled by the problems 
associated with multicycle and long 
cycle air sampling. 


(1952) and Lodge (1956), collect 
samples on filter paper in the form 
of strips or tapes which are moved 
either continuously or in periodic 
steps. Limitations of this method 
for certain applications are the lack 
of discreet samples when the tape is 
moved continuously, the possibility 
of loss from or addition to individual 
samples during the rewinding process, 
the problem of cutting and identify- 
ing.each section of tape and the rath- 
ér limited selection of timing cycles 
available. In addition, most of these 
samplers are apparently unable to use 
the rather fragile molecular filters. 


The sampler reported by Hosey, 
Jones, Marsh and Gallagher (1954) 
uses | in. filters placed in holes near 


the edge of a revolving disk. This 


JOURNAL 


. 


unit was designed for sampling radio- 
active materials, but could be modi- 
fied for general air sampling by omis- 
sion of the counting and recording 
sections. However, it is not com- 
mercially available and presents rath- 
er difficult machining and air seal 
problems. The Auto Sampler re- 
ported by Hall (1951) collects hour- 
ly samples on filter paper disks which 
are fed into place and removed pe- 
riodically while the Owens Automatic 
Air Filter described in Shaw and 
Owens (1925) collects periodic sam- 
ples in small circles near the edge of 
a large circular filter revolved in steps 
at 1 revolution/day. A sampler de- 
veloped by Cryst, Gurney and Hansen 
(1955) has features in common with 
‘he one described in this paper, but 
uses a less versatile timing system. 
It’s existence was not known when the 
present sampler was designed. A 
number of other filter samplers are 
described in the Encyclopedia of In- 
struments for Industrial Hygiene 
(1956). None, however, seem suit- 
able for general application. 


Design 

The sampler described herein (Fig. 
1) consists of 3 sections: (1) the 
sampling unit consisting of 10 sole- 
noid operated valves connected to a 
common chamber through which air 
is drawn by a vacuum pump; (2) the 
basic timing unit which includes 2 
readily interchangeable electric tim- 
ing motors, a set of interchangeable 
cams and a stepping switch; (3) a 
program board between the other 
units which can multiply the length of 
any basic timing cycle, makes pos- 
sible the collection of samples of un- 
equal duration, provides for tempo- 
rary suspension of sampling at the 
beginning of or at any point in the 
sampling cycle and provides for com- 
plete cessation of sampling and tim- 
ing at any selected time. 


Sampling Unit 


The sampling unit (Fig. 2) in- 
cludes 10 normally closed solenoid 


Fig. |. Photograph of the complete Auto- 
matic Programming Filter Sampler. 
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TABLE | 
Summary of Basic Time Periods 
ee 1 RPH 1 RPD 
f 1 60 Minutes 24 Hours 
2 30 Minutes 12 Hours 
3 20 Minutes 8 Hours 
4 15 Minutes 6 Hours 
6 10 Minutes | 4 Hours 
8 7.5 Minutes 3 Hours 
12 5 Minutes 2 Hours 


valves. The outlet side of each valve 
is inserted into the side of a common 
chamber, closed at one end and fitted 
with a single hose connection at the 
other. The intake side of each valve 
is fitted with a hose connection from 
which a plastic tube leads to a filter 
holder. The 10 filter holders are 
mounted in supports above the valves. 
Those currently in use are of the type 
previously described by Smith, Bart- 
lett and Potts (1956). From the con- 
nection on the end of the brass tube, 
a plastic hose leads to the vacuum 
pump. Any type of vacuum pump, 
filter head or filter may be used, since 
none are integral parts of the sam- 
pler. A cover (not shown in the 
photographs) protects the filters from 
precipitation. 


Measurement or control of the flow 
rate may be accomplished by means 
of a flow meter or other suitable in- 
strument between the valves and the 
vacuum pump. 


Timing Unit 

The basic timing unit consists of 
an electric timing motor, a single 
cam-operated micro-switch and a 20 
step, stepping-switch energized by a 
condenser discharge. In use, the 
stepping-switch is advanced 1 step 
each time the micro-switch lever is 
released by the timing cam. A one, 
RPH or a one RPD motor used in 
conjunction with 1 of 7 cams, permits 
a selection from 14 basic time peri- 
ods, (Table 1). The timing circuit 
includes an outlet for the vacuum 
pump. 


Program Unit 


The program unit (Fig. 3), consists 
of a plug board mounted on the sam- 
pler end of the timing circuit chassis 
and 2 control relays. 


Each socket of the plug board is 
wired to 1 of the 20 steps on the step- 
ping switch. The ground lead from 
each solenoid is connected to the com- 
mon point of the stepping switch. The 
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other lead from each solenoid termi- 
nates in 2 or 3 plugs which may be 
inserted in any desired socket. If 
samples of uniform length are desired 
from each filter, for instance, a single 
plug from each solenoid is inserted 
in consecutive sockets on the board. 
If a double or triple length sample 
is desired from a filter, 2 or 3 plugs 
from the solenoid controlling that fil- 
ter are inserted in appropriate sock- 
ets. Since only 20 steps are available, 
only 6 triple length or 10 double 
length samples can be taken. 


The sampling delay control relay 
allows timing and stepping but not 
sampling to continue whenever the 
stepping switch is on a step con- 
nected to a delay plug. This feature 
permits starting the sampler some 
time before samples are taken or al- 
lows discontinuous collection of sam- 
ples. The stop relay causes a cessa- 
tion of both timing and sampling 
when the appropriate step is reached. 
This allows the operator to predeter- 
mine the end of his sampling cycle 
and makes prompt attention to the 
unit unnecessary. In practice, a wide 
variety of sampling and non-sampling 
periods can be programmed. 


Application 


For certain routine sampling jobs, 
many of the features of this sampler 
would be unnecessary, but for other, 
more specialized work, they are in- 
valuable. For instance, at the Brook- 


Fig. 2. Photograph of the sampling unit 
showing details of construction. 
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haven National Laboratory, a project 
was set up, in co-operation with the 
New York State Botanist, to deter- 
mine the relationship of ragweed pol- 
len concentration in the air to various 
weather conditions. In addition to 
routine longer period samples, hour- 
ly samples were wanted both before 
and after a cold frontal passage. The 
front was expected at 2400, outside 
normal working hours. Therefore, 
the machine was set up with a 1 hr. 
basic time cycle, turned on at 1700, 
delayed to 2100, sampled from 2100 
to 0400 and shut off at 0400. 


For another example from air pol- 
lution work, it might be desirable to 
take smoke samples before and after 
the onset and breakup of the noctur- 
nal temperature inversion but all 
night samples might not be necessary. 
Let us say that inversion formation 
is expected at 1800 and the breakup 
at 0600. The sampler could be set 
out and turned on at 1600, take hour- 
ly samples to 2000, delay to 0400, 
sample to 0800 and shut off. 

Discussion 

Except for the brass tube which 
serves as the common outlet for the 
valves and could be replaced by an 
airtight container of any shape, all 
components are stock parts. The to- 
tal cost of the components used is 
about $135.00. No machining is re- 
quired and only simple hand tools 
and soldering equipment are neces- 
sary in assembly and wiring. The 
number of valves to be used and the 
type of stepping switch can be se- 
lected on the basis of individual re- 
quirements. In order to preserve ver- 
satility, however, the number of steps 
should be at least double the number 
of valves. A number of refinements 
and improvements are possible but 
this first model has proved so useful 
that an early description was thought 
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desirable. Copies of the wiring dia- 
gram and specifications for compo- 
nents used are available upon re- 
quest. 


There is, of course, no reason why 
the timing and programming system 
could not be adapted to another pur- 
pose. Likewise, the sampling unit 
could be used with a far simpler tim- 
ing circuit. The two together, how- 
ever, make up an efficient and versa- 
tile unit which should meet the needs 
of many persons engaged in air sam- 
pling. 
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To most of us, 50 years seems a 
very long time. The past half cen- 
tury has seen revolutionary develop- 
ments and magnificent advancements 
in most material spheres of man’s 
-ndeavors. The legal mind, however, 
customarily thinks of 50 years of le- 
al development as a ripple in the tide 
of the law. Many lawyers refer to 
cases decided in the year 1890, for 
«xample, as recently decided. 


The reason for this attitude is the 
basic structure of the common law. 
Based as it is on revered and ancient 
precedent, the common law is char- 
acterized by a strong adherence to 
principal. Another characteristic of 
the common law is adaptability to 
new situations, but the process is 
usually a deliberate change rather 
than a sudden shift. 


An intelligent review of the devel- 
opment of air pollution control law 
during the last half century may not 
be made without first recognizing the 
importance of the pre-1907 period. 
For with the exception of the one case 
of Northwestern Laundry v. Des 
Moines, 239 U. S. 486, 36 S. Ct. 206, 
60 L.Ed. 396, (1916), the legal his- 
tory of the pre-1907 period recorded 
leading United States cases which 
communicated the major principles 
of air pollution control law. The 
courts, during this early period, came 
to grips with the basic issues involved 
and laid a strong foundation upon 
which states and municipalities could 
rely in their efforts to abate air pol- 
lution problems in their local areas. 
The initial portion of this report will 
sketch the law as it appeared in 1907, 
as a backdrop to the developments of 
the last 50 years. 


Common Law Nuisance 


It should be noted at the outset 
that most of our early law and that 
of the English cases, dealt with air 
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contamination as a part of the field 
of tort law commonly referred to as 
Nuisance. Smoke was considered to 
be a nuisance at common law, but it 
was not a nuisance per se. That is, 
in each individual case it had to be 
proved that the smoke was in fact in- 
jurious or offensive to the senses. In 
the case of a public nuisance it had 
to be proved that a large number of 
persons were affected. Blackstone re- 
ports a case in which the fumes from 
a lead smelter killed a neighboring 
farmer’s corn and were held to be a 
nuisance (cited in appeal of Pennsyl- 
vania Coal Company, 96 Pa. 116. 
Earlier cases are collected in 77 Eng- 
lish Reprint 816). 


It is the prevailing and sound ju- 
dicial view that the emission of dense 
smoke in populous communities is a 
public nuisance. In the case of Glu- 
cose Refining Company v. City of Chi- 
cago, 138 Fed. 209, 215 (1905), the 
court said: 

“The bill admits the issuance of 
dense smoke, and it is a matter of 
common knowledge, of which the 
court may take cognizance (State v. 
Tower) (Mo. Supp.) 84 S.W. 12; 
Moses v. United States, 16 App. D.C. 
428; Field v. Chicago, supra), that 
smoke emitted from a tall chimney is 
carried over a wide territory, and 
that when dense, it deposits soot to 


such an extent as to injure property « 


and health wherever it spreads.” 


A good statement on the general 
and prevailing rule in regard to 
smoke as a public nuisance, was made 
by the Supreme Court of Indiana in 
the case of Bowers v. City of Indi- 
anapolis, 162 Ind, 105, 81 N.E. 1097 
at 1098, 13 Ann. Cas. 1198, (1907). 
The court upheld an ordinance of the 
city of Indianapolis providing: 


“The emission of dense, black . . . 
smoke from any smokestack used in 
connection with any stationary . . . 
furnace of any description within .. . 
the city . . . except as a private resi- 
dence, shall be deemed and is hereby 
declared to be a public nuisance.” 


The court said: 


“The question we have to deal with 
is not as to the authority to regulate 
the emission of dense smoke in a 
sparsely inhabited locality, wherein 
the act could only result in the crea- 
tion of a private nuisance, but of the 
right to prevent the emission of dense 
black or gray smoke (for so we con- 
strue the ordinance) within the cor- 
porate limits of a populous city, 
wherein, if there be no regulations 
upon the subject, the smoke from 
scores of steam plants must, in the 
nature of things, often cover the city 
as with a pall, thereby impairing the 
health and comfort of thousands, and 
casting grime upon every exposed ob- 
ject. If there is anything in the prin- 
ciple of the greatest good to the great- 
est number, or in the declared au- 
thority of government reasonably to 
regulate the use of property for the 
common good, it must be affrmed that 
power exists to deal with a condition 
which renders life in a great manu- 
facturing city little short of impos- 
sible.” 


As stated by Lord Romilly in 
Crump v. Lambert, L.R. 3, Eq. 409, 
15 Week. Rep. 417 (England), 
(1867), 


“The real question in all cases is 
the question of fact, namely, whether 
the annoyance is such as to materially 
interfere with the ordinary comforts 
of human existence.” 


Need For Legislation: Nuisance 
Per Se 


Long before Blackstone’s time it 
was recognized that the law of nui- 
sance was not adequate to take care 
of the situation in an urban com- 
munity where there were a number 
of sources of air pollution. In Eng- 
land, the first smoke abatement law 
appears to have been enacted in the 
reign of Edward I, in the year 1273. 
In 1307 one offender of this law, 
which prohibited the use of the coal, 
as detrimental to health, was con- 
demned and executed. In 1661 John 
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Evelyn wrote a book on the smoke 
nuisance in London (Fumifugium: 
or, The Inconvenience of the Aer, and 
Smoake of London Dissipated, To- 
gether With Some Remedies . . ., 
reprinted by the National Smoke 
Abatement Society, London 1933). 
His remedy was quite simple. All 
industry was to be moved to the lee- 
ward side of the city and sweet smell- 
ing trees planted in the city. 

The need for enlargement of the 
public nuisance category was seen by 
the court in the Missouri case of 
State v. Tower, 185 Mo. 79, 68 L.R.A. 
402, 84 S.W. 10 (1904). 

The court said: 

“In a word, we assume that the 
basis of this contention is that, be- 
cause at common law thick, dense 
smoke was not deemed a nuisance per 
se, but depended on the character of 
the smoke, the quantity, the location, 
and the circumstances, therefore it 
was not competent for our General 
Assembly to declare the emission or 
discharge into the open air of dense 
smoke within a city of 100,000 inhabi- 
tants a nuisance. The power of the 
General Assembly to pass all needful 
laws, except when restricted by the 
state or federal constitution, is ple- 
nary, and the Legislature has the 
power to declare places or practices 
to the detriment of public interest, or 
to the injury of the health, morals, 
or welfare of the community, public 
nuisances, although not such at com- 
mon law. The General Assembly, in 
the exercise of the police power, may 
declare that a nuisance which before 
was not a nuisance . . . Even at com- 
mon law smoke alone in certain cir- 
cumstances constituted a nuisance; 
that is to say, when it produced a 
tangible injury to property as by the 
discoloration of buildings, injury to 
vegetation, the discoloration of fur- 
niture, and like cases. 

“It was entirely competent for the 
Legislature to take cognizance of the 
fact, known to all men, that the emis- 
sion and discharge of dense smoke 
into the atmosphere of a large and 
populous city is of itself a nuisance 

. and one calculated to interfere 
with the health and comfort of the 
inhabitants thereof, and to declare it 
a nuisance per se .. . We have no 
hesitancy in holding that it was en- 
tirely competent for the Legislature 
to declare the emission of dense 
smoke in the open air in a city of 
100,000 inhabitants a nuisance per 
se 


‘The rule of the Tower case that 
the state, under its police power could 
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declare smoke a nuisance per se, even 
though not a nuisance per se or a 
nuisance at common law, found 
strong support in cases decided at the 
beginning of the post 1907 period. 
Northwestern v. Des Moines, supra, 
State v. Chicago, M & St. P. Ry. Co., 
114 Minn. 122, 130 N.W. 545, 546, 
Ann. Cas. 1712 B, 1030 (1911). 


The validity of regulating statutes 
or ordinances does not depend upon 
whether or not the act prohibited is 
a nuisance but depends instead upon 
whether or not the law comes within 
the constitutional limitations and, in 
the case of a city or county, whether 
or not it has power under its charter 
or constitutional statutory provisions 
to pass such a law. 


It is either within the police power 
of a municipal corporation or under 
specific power under charter or stat- 
ute to adopt reasonable regulations to 
protect the public, health, safety and 
welfare. Without a doubt it is within 
the competence of a state legislature 
to confer upon municipalities power 
to enact ordinances to protect against 
atmospheric contamination or pollu- 
tion, such as smoke ordinances, as 
constituting a proper exercise of mu- 
nicipal police power or power to safe- 
guard against nuisances. 


7 McQuillin on Municipal Corpora- 
tions, 3rd Ed. p. 469, 470. 


Probably the earliest United States 
case upholding a municipal smoke 
control ordinance is that of City of 
New Orleans v. Lambert, 14 La. Ann. 
247 (1859), where the Louisiana Su- 
preme Court reinstated an injunction 
by a city against the operation of a 
blacksmith shop because it exuded of- 
fensive odors, smoke, and was a nui- 
sance, all in violation of a city ordi- 
nance. The court gave note to the 
fact that the police power covers such 
cases. 


Validity As To Due Process 


Subsequent to 1894, based upon 
the decision handed down in Lawton 
v. Steele, 152 U. S. 133, 14 Sup. Ct. 
499, 38 L.Ed. 385, it became well set- 
tled that any provision of a statute or 
ordinance regulating a nuisance, such 
as the smoke nuisance, is valid in so 
far as the due process clause is 
concerned, if it is reasonably neces- 
sary for the accomplishment of the 
purpose and for the public welfare 
generally, and if it is not unduly op- 
pressive, nor arbitrarily interferes 
with private business or imposes un- 
usual or unnecessary restrictions upon 
a lawful occupation. As was said by 


Mr. Justice Brown, in Lawton v. 
Steele, supra, 


“While the legislature has no right 
arbitrarily to declare that to be a 
nuisance which is clearly not so, a 
good deal must be left to its discre- 
tion in that regard, and if the object 
to be accomplished is conducive to 
the public interests it may exercise a 
large liberty of choice in the means 
employed.” 


It would seem that no certain and 
satisfactory limitation upon the legis- 
lative discretion, in the exercise of 
the police power, can safely be de- 
clared in advance for application to 
very many cases that may subse- 
quently arise (Moses v. United States, 
supra). 


Availability of Control Equipment 


One of the major court decisions 
rendered prior to 1907 having sig- 
nificance to the use of scientific appli- 
ances or controls was the case of 
People v. Detroit White Lead Works, 
82 Mich. 471, 46 N.W. 735 (1890). 
As a result of the decision of this case 
the rule became well established for 
a number of years thereafter that 
whenever a business becomes a nui- 
sance, it must give way to the rights 
of the public and the owners thereof 
must either devise some means to 
avoid the nuisance or must remove 
or cease the business, even though the 
business is carried on in a careful 
manner and nothing is done which is 
not a reasonable and necessary in- 
cident to the business and even 
though there may be no smoke con- 
suming appliance that will under all 
circumstances prevent the nuisance. 
It is to be noted, however, that later 
cases, and especially those of recent 
vintage show a tendency away from 
the ruling of the Detroit White Lead 
case. A treatment of these more re- 
cent decisions will be made later in 
this discussion. 


Summary: Pre-1907 Period 


It may be said, in summarizing the 
accomplishments of the pre-1907 pe- 
riod, that the following aspects of air 
pollution control law represent the 
majority, if not all, of the basic prin- 
ciples which became settled and ac- 
cepted. 


(1) Although at: common law 
smoke and other air contaminants 
were not considered to be a nuisance 
per se the legislature can declare air 
contaminants to be a public nuisance 
and the courts will not invalidate 
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such legislative acts, provided that the 
legislative declaration is reasonably 
clear and certain. 

(2) A statute or ordinance will be 
valid as far as due process is con- 
cerned, if it is reasonably necessary 
for the benefit of the public welfare, 
and if it is not arbitrary or oppres- 
sive. 

(3) The state has the power to 
confer upon municipalities the power 
‘9 enact ordinances for the purpose 
of regulating air pollution as consti- 
‘uting a proper exercise of the police 
»ower of the municipality. 

(4) The courts take judicial no- 
‘ice that dense smoke is a nuisance or 
least harmful enough to be de- 
-lared a nuisance. 


The Last Fifty Years 


Whereas it might be interesting to 
race the progress of the law since 
(907 in chronological order of the 
decided cases, such an approach 
would prevent proper analysis of the 
issues decided. Consequently, for 
convenience we shall take up each is- 
sue separately and discuss the cases 
hearing upon it. 

Although the cases decided prior 
to 1907 rather clearly established that 
the state could, under its police pow- 
er, prohibit or regulate the emission 
of smoke or fumes it was not until 
1916 that the substantive law of air 
pollution control was enriched with 
the clear and concise opinion rendered 
in Northwestern Laundry v. Des 
Moines, supra. This case, as do a 
number of cases in the state courts. 
holds that the ordinances merely pro- 
hibiting the emission of dense smoke 
in cities or populous neighborhoods, 
and also ordinances that prescribe a 
definite scientific standard for the 
density of smoke, such as the Ringel- 
mann Scale, are valid so far as con- 
stitutional limitations are concerned. 
The smoke may be forbidden without 
reference to the time or quantity or 
emission or the immediate surround- 
ings. 

In the Des Moines case, the laun- 
dry filed a bill in equity in the United 
States District Court in Iowa against 
the City of Des Moines, and the 
smoke inspector and members of the 
smoke abatement commission of that 
city, to enjoin the enforcement of a 
Des Moines ordinance providing that 
the emission of dense smoke in por- 
tions of the city was a public nui- 
sance. It was claimed that the ordi- 
nance was void under the due process 
and equal protection clause of the 
Fourteenth Amendment in _ that, 
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among other things, the ordinance in 
providing for the use of Ringelmann 
Smoke Chart, prescribed arbitrary 
tests of degrees of density. The stand- 
ard of efficiency required the remod- 
eling of practically all furnaces, It 
forbade remodeling or new construc- 
tion without a license and gave dis- 
cretion to the smoke inspector and 
abatement commissioners to prescribe 
requirements. The court held the 
ordinance valid and dismissed the bill 
upon its merits, saying: 

“So far as the federal constitution 
is concerned we have no doubt the 
state may by itself, or through au- 
thorized municipalities, declare the 
emission of dense smoke in cities or 
populous neighborhoods a nuisance 
and subject to restraint as such; and 
that the harshness of such legislation, 
or its effect upon business interests, 
short of a merely arbitrary enact- 
ment, are not valid constitutional ob- 
jections. Nor is there any valid fed- 
eral constitutional objection in the 
fact that the regulation may require 
the discontinuance of the use of prop- 
erty, or subject the occupant to large 
expense in complying with the terms 
of the law or ordinance. Recent cases 
in this court are Reinman v. Little 
Rock, 237 U. S. 171, 59 L. Ed. 900, 35 
S. Ct. Rep. 511; Chicago and A. R. 
Co. v. Tranberger, 238 U. S. 67, 59 L. 
Ed. 1204, 35 Sup. Ct. Rep. 678; 
Hadacheck v. Sebastian, decided De- 
cember 20, 1915, (239 U.S. 394, Ante. 
348, 36 Sup. Ct. Rep. 143).” 


“That such emission of smoke is 
within the regulatory power of the 
state has been affirmed by state 
courts. Harmon v. Chicago, 110 Ill. 
400, 51 Am. Rep. 698.” 

To the same effect see also the fol- 
lowing authorities: 


7 McQuillin: Municipal Corpora- 


tions, 3rd Ed, page 475, Section 


24.495 ; 

37 Am. Jur. 939, Note 9, Section 
295; 

43 Corpus Juris 431, Section 571. 

39 Am. Juris 336-338, Section 54; 

1918 B Ann, Cas. 173; 

6 A.L.R. 1575; 

58 A.L.R. 1225; 18 Cal. Jur.-838, 
Section 141; 

46 Cent. Law Jour., 151; 

Manual of Ordinances and Require- 
ments, published by Smoke Preven- 
tion Assoc. of America, Inc.; p. 24 
(1940). 

The passage of time has taken noth- 
ing away from the authority of cases 
like Northwestern Laundry v. Des 
Moines, supra. It upheld the right 
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of a city, after receiving statutory au- 
thority, to forbid the emission of 
dense smoke in cities or populous 
neighborhoods. Recent cases consid- 
er the problem settled. In Board of 
Health of Weehawken Township. 
Hudson County v. New York Central 
Railroad (1950) 4 N, J. 293, 72 A. 
2d 511 at 514, the court said: 


. . There are no constitutional 
restraints upon state actions against 
the emission of dense smoke injuri- 
ous to the common welfare; the only 
requirement is that the regulation be 
free from arbitrariness. Northwest- 
ern Laundry Co. v. Des Moines, 
supra.” 


Refinements of Air Pollution 
Control Law 


With the inclusion of the decision 
of the Des Moines case in the body of 
air pollution control law, legislatures, 
municipalities and local control dis- 
tricts saw a fulfillment and comple- 
tion of the essential and legal grounds 
necessary to provide them with suf- 
ficient power and confidence to force- 
fully attack their immediate air pol- 
lution problems. 

For the most part the significant 
cases in the field of air pollution con- 
trol, in addition to those already dis- 
cussed, have greatly aided the ad- 
ministration and application of exist- 
ing statutes and ordinances by defin- 
ing with various refinements the na- 
ture of such laws. These refinements 
as presented by specific problems are 
the subject of the following portion 
of this discussion. 


Liberal Construction of Regulations 


The liberal attitude of some courts 
toward air pollution control regula- 
tions is illustrated by the following 
quotation from Penn-Dixie Cement 
Corp. v. City of Kingsport, (1949) 
189 Tenn. 450, 225 S.W. 2d 270, 275: 

“Ordinances to preserve the pub- 
lic health have been liberally con- 
strued and the authorities have gone 
to great length in enumerating the 
implied powers of municipalities to 
enact laws to protect the community 
from infectious and contagious dis- 
eases, from bad water, against nui- 
sances injurious to health and nox- 
ious odors and gases. Inasmuch as 
the provision of the public health and 
the safety of the inhabitants is one 
of the chief purposes of local govern- 
ment, all reasonable ordinances in 
this direction have been sustained.” 

The court in People v. Consolidated 
Company of New York, Inc., 116 
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N.Y.S. 2d 555 (1952), found that the 
Smoke Control Bureau of the City of 
New York acted under the police 
power of the City of New York in 
promulgating its rules and regula- 
tions, and that such rules and regula- 
tions are remedial and must be lib- 
erally construed. 

For other cases where the court 
used a liberal construction, see De- 
partment of Health of City of N. Y. v. 
Philip and William Ebling Brewing 
Co., 38 Misc. 537, 78 N.Y.S. 13 
(1902), and People v. Long Is. R. 
Co., 31 N.Y.S. 2d 537 (1942). 


Requisite of Reasonableness 

Any ordinance or statute under the 
police power must be reasonable, and 
for that reason must regulate or for- 
bid something which is or could be 
considered detrimental to the public 
peace, health, safety, morals or gen- 
eral welfare. If any set of facts may 
be supposed as to which a law or 
ordinance is reasonable, or if reason- 
able minds may differ on the question, 
the enactment will be sustained. Mat- 
ter of Miller (1912) 162 Cal. 687; 
Clemons v. City of Los Angeles 
(1950) 36 Cal. 2d 95, 98-99, 222 P. 
2d 439; Miller v. Board of Public 
Works, 195 Cal. 477, 488-490, 234 P. 
2d 38. Where the ordinance or stat- 
ute passes this test, a naked violation 
of the ordinance is al! that need be 
shown. 

The legislature has a wide discre- 
tion in determining what is a nui- 
sance and what is not, and what may 
be regulated under the police power. 
In doubtful cases, the determination 
of the question by the legislative 
body is conclusive. The courts will 
not interfere unless the law results in 
needless oppression, and will not 
question the wisdom of the legisla- 
tion. But the courts are not limited 
to the face of the law itself. The 
courts may look behind the law and 
determine from competent extrinsic 
evidence whether or not the law is 
reasonable. Moses v. United States, 
supra; Bradley v. District of Colum- 
bia, 20 App. D.C. 169; State v. Tow- 
er, supra. Cincinnati v. Burkhardt, 
30 Ohio Cir. Ct. Rep. 350, Ann. Cas., 
1918 B. 174, (1908). 

In the case of Moses v. United 
States, supra, the court said: 

“The policy of adopting a regula- 
tion to meet the conditions is a mat- 
ter purely and exclusively within the 
province of the legislative depart- 
ment. The judiciary can only inter- 
fere with the exercise of the power 
where it is manifest that the regula- 
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tion has no real or substantial rela- 
tion to objects within the police pow- 
er, and constitutes a palpable inva- 
sion of private rights.” 


It can be seen that what is reason- 
able depends upon the circumstances. 
No hard and fast rule can be estab- 
lished for all cases. It has been 
urged that legislation regulating the 
use of bituminous coal is unreason- 
able, especially in a district where 
soft coal is produced in large quan- 
tities, and where such coal is uni- 
versally used for fuel. It is argued 
that to enforce a law of this charac- 
ter would require industry to use ex- 
pensive anthtacite or other smokeless 
fuel causing great hardship, and per- 
haps, driving many plants from the 
city. This contention was easily re- 
futed by the Supreme Court of Illi- 
nois in the case of Harmon v. Chi- 
cago, 110 Ill. 400, which disposed of 
the objection as follows: 


“Tt may be that some, and, per- 
haps, very great inconvenience would 
be experienced by a rigid enforce- 
ment of the provisions of this ordi- 
nance. How that may be this court 
cannot know. What powers the city 
council may exercise under the gen- 
eral law or under its police powers is 
a question of law to be determined by 
the courts; but when the city council 
will exercise the powers with which 
it is clothed rests in its legislative dis- 
cretion, and the consequences that 
may flow from the enforcement of 
ordinances enacted within the powers 
conferred, rests alone upon the body 
enacting them, and with which the 
courts have no concern.” 

In State v. Pond, 93 Mo. 618, the 
court said: 

“With the policy of the law, the 
wisdom or want of it in its enactment, 
we have no concern; that belongs to 
the domain of the legislature. Our 
business is to declare what is law and 
not to make law.” 

Actual damage in a particular case 
need not be shown to sustain a con- 
viction under an ordinance. In State 
v. Mundet Cork Co., (1952) 8 N. J. 
359, 86 Atl. 2d 1 at 6, the court said: 


“Further, actual injury to health or 
property is not necessary to the proof 
of conviction of violation of the ordi- 
nance, since whether persons or prop- 
erty are or may be injured by the 
continued exercise of the prohibited 
conduct or industrial operation is 
relative to the question of reasonable- 
ness of the ordinance and not to the 
question of fact as to what constitutes 
violation thereof.” 
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After holding a smoke ordinance 
prohibiting the emission of smoke of 
greater density than No. 2 Ringel- 
mann to be a valid public health 
measure, the court in Board of Health 
of Weehawken Township v. New York 
Central Railroad (1950) 4 N. J. 293, 
72 Atl. 2d 511, 514-515, said: 


“At common law, an action of nui- 
sance will lie for substantial discom- 
fort or inconvenience. But the incon- 
venience must be more than fanci- 
ful; it is not actionable unless it is 
one ‘materially interfering with the 
ordinary comfort physically of hu- 
man existence, not merely according 
to elegant or dainty modes and hab- 
its of living, but according to plain 
and sober and simple notions among 
the English People.’ Walter v. Selfe 
(1851) 4 DeG. & Sm. 322. The com- 
mon law judges by no Spartan stand- 
ards. The loss of even one night’s 
sleep is not deemed a trivial matter. 
Andreae v. Selfridge (1937) 3 A.E.R. 
261; Salmond on the Law of Torts 
(10th Ed. 1945) 224. Of course, the 
standard of convenience and comfort 
varies according to local conditions 
and needs. It suffices to say as to this 
that the conditions constituting a nui- 
sance at a given time and place may 
not be a nuisance at another time and 
place. And it may be added that the 
complexities of our modern society 
due in large part to congestion of 
population and concentration of in- 
dustry and business impose an ever 
increasing demand for individual con- 
cessions to the common good . . .” 


Illustrative Cases Holding Regulations 
Valid: Reasonable; Reasonable 
Classifications; Certain 


In the case of City of Brooklyn v. 
Nassau Electric R. Co., 61 N. Y. S. 33, 
(1899), an action was brought to re- 
cover from defendant a penalty of 
$100.00 for using soft coal in contra- 
vention of a statute providing: 

“No factory, engine room or elec- 
trical station shall use what is known 
as soft coal for fuel . . . within a 
radius of four miles of the city 

‘The court held that it was within 
the police power of the legislature to 
declare that the burning of soft coal 
within certain prescribed limits of the 
city was detrimental to the public wel- 
fare and that the same should be for- 
bidden as a benefit to the general 
public. 

“Ordinances must not only be rea- 
sonable and within the power of the 
municipality to enact them under its 
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charter, but must affect each member 
of the community alike. They should 
neither favor nor discriminate against 
any person or class of persons or any 
particular portion of the municipal 
territory. Their burdens and their 
benefits should rest equally upon all.” 
(People v. Lewis, 86 Mich. 273, 49 
N.W. 140, (1891) ) 


In the above case the court held as 
not unreasonable an ordinance which 
provided that private residences and 
steam boats be excluded from the 
ordinance declaring the emission of 
dense smoke that caused the deposit 
of soot on any surface within the 
corporate limits to be a public nui- 
sance. 

In the case of State v. Tower, supra, 
the general assembly of the state 
had passed an act in 1901 which made 
the emission or discharge into the 
open air of dense smoke within the 
corporate limits of this state which 
now have or may hereafter have a 
population of 100,000 inhabitants a 
public nuisance. The statute ex- 
empted owners of premises who may 
he able to show to the satisfaction of 
the court that there is no known prac- 
tical device to prevent the emission 
of dense smoke. The court upheld 
the Missouri statute as valid and rea- 
sonable. 


In the case of Moses v. United 
States, supra, sustained by the court 
in the case of Bradley v. District of 
Columbia, supra, an act of Congress 
provided: 


“The emission of dense or thick 
black or gray smoke or cinders from 
any smoke stack or chimney used in 
connection with any stationary en- 
gine, steam boiler, or furnace of any 
description within the District of Co- 
lumbia shall be deemed and is hereby 
declared to be a public nuisance; pro- 
vided that nothing in this act shall be 
construed as applying to chimneys of 
buildings used exclusively for pri- 
vate residences.” 

The act provided for a fine of from 
$10 to $100 for each offense and that 
every day in which the provisions 
were violated, constituted a separate 
offense. 


The judgment of conviction by the 
police court of the District was af- 
firmed and the ordinance upheld. The 
court held that the power of Congress 
to enact regulations affecting the pub- 
lic health and comfort was the same 
as that of the legislatures of the sev- 
eral states within their respective ter- 
ritorial limits. 

In sustaining the ordinance the 
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court quoted with approval trom 
Lawton v. Steele, supra, as follows: 

“*To justify the state in thus in- 
terposing its authority in behalf of 
the public it must appear, first, that 
the interests of the public generally, 
as distinguished from those of a par- 
ticular class, require such interfer- 
ence; and, second, that the means are 
reasonably necessary for the accom- 
plishment of the purpose, and not un- 
duly oppressive upon individuals. The 
legislature may not, under the guise 
of protecting the public interests, ar- 
bitrarily interfere with private busi- 
ness, or impose unusual or unneces- 
sary restrictions upon lawful occupa- 
tions. In other words, its determina- 
tion as to what is a proper exercise of 
its police powers is not final or con- 
clusive, but is subject to the supervi- 
sion of the courts.’ ” 

The court further stated: 

“Nothing short of satisfactory 
proof that under no circumstances 
could the emission of the forbidden 
smoke occasion material injury, in- 
convenience, or discomfort to the 
public would, at most, be sufficient 
to show that the statute, under the 
guise merely of the public interest, 
was an unwarranted invasion of pri- 
vate right.” 

In Cincinnati v. Burkhardt, 30 Ohio 
Cir. Ct. Rep. 350, Ann, Cas., 1918 B, 
174 (1908) an ordinance which pro- 
vided for the measurement of the 
density of smoke by use of a color 
scale was upheld. 

In Bower v. City of Indianapolis, 
162 Ind. 105, 81 N.E. 1097, 13 Ann. 
Cas. 1198 (1907), an ordinance was 
upheld which declared the emission 
of dense smoke within the city, ex- 
cept from private residences, to be a 
public nuisance. The state had given 
cities authority by statute to declare 
what should constitute a nuisance. 


In re Junqua, 10 Cal. App. 602, 103, 


Pac. 159, (1909), was a case in which 
an ordinance of the city of Sacramen- 
to prohibiting the escape of any soot 
from smoke stacks or chimneys of any 
furnaces using distillate or crude oil 
was upheld. 

In City of Rochester v. Macaulay- 
Fien Mill Company, 199 N. Y. 207, 92 
N.E. 641, 32 L.R.A. (N.S.). 554, 
(1910), the court held reasonable an 
ordinance of the City of Rochester 
which provided for the adoption of 
the standard of the Ringelmann Scale, 
prohibited dense smoke during the 
day except from between 5 a.m. and 
7:30 a.m., and which permitted the 
emission of dense smoke for 5 min. 
in every 4 consecutive hrs. 
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In People v. T'atje, 121 N. Y. Supp. 
2d 147, (1953) the defendant was 
charged with unlawfully causing, suf- 
fering and allowing dense smoke to 
be emitted into the open air from a 
chimney attached to a boiler in the 
premises under his control. The court 
held that the rule prohibiting emis- 
sion of dense smoke from fuel burn- 
ing equipment was not invalid as con- 
flicting with penal law and Health 
Board Regulations requiring land- 
lords to furnish heat and hot water 
to tenants. 

The case of Ballentine v. Nester, 
350 Mo. 58, 164 S.W. 2d 378, (1942), 
is one of the leading cases on the sub- 
ject of reasonableness of air pollution 
control ordinances. In the Ballen- 
tine case the Supreme Court of Mis- 
souri, held valid an ordinance of St. 
Louis, passed in 1940, regulating the 
smoke nuisance. 

The petitioner in the case had been 
convicted of violating a section of the 
St. Louis Ordinance prohibiting the 
use of coal, having a volatile content 
of more than 25% on a dry basis. 
In his petition for a writ of habeas 
corpus, the petitioner asserted that the 
ordinance violated the Fourteenth 
Amendment of the Federal Constitu- 
tion, the Revised Statutes of Missouri, 
and the St. Louis Charter. The Court 
denied the petition, upholding the 
conviction and the validity of the 
ordinance. 

In reaching its decision, the court 
cited and quoted with approval from 
the case of Northwestern Laundry v. 
Des Moines, supra, and stated: 

“.. Nor do we think this section, 
in regulating the use of coal, violates 
the due process and the equal protec- 
tion of the Fourteenth Amendment of 
the Federal Constitution.” 

As to the claim of petitioner that 
the ordinance did not always regu- 
late noxious gases, the Court said: 

“It is true the ordinance makes 
only the emissions of dense smoke 
unlawful; it contains no provision 
that tends to regulate or prevent the 
discharge of deleterious gases into the 
air. The legislative authorities may 
classify with reference to an evil to 
be prevented, and legislation designed 
to prevent one evil is not void because 
it does not prevent another.” 

The case of Giucose Refining Com- 
pany v. City of Chicago, 138 Fed. 209 
(1905), involved a Chicago ordinance 
passed in 1903, which ordinance de- 
clared that the emission of dense 
smoke was a public nuisance, and pro- 
hibited the emission of dense smoke 
for more than 3 min., or, in case fire 
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poxes are being cleaned or new fire. 
started, for more than 6 min. in any 
hour of day or night. 

The complainant attempted to en- 
join enforcement of the ordinance, as- 
serting that it violated the Federal 
Constitution. The court denied the 
injunction on the ground that the bill 
admitted the issuance of dense smoke, 
and the court took judicial notice of 
the fact that such smoke was a nui- 
sance and spread over a large ter- 
ritory. 

In 1955 the United States Supreme 
Court (351 U. S. 990, 100 L.Ed. 
1503) dismissed an appeal from the 
decision handed down by the Appel- 
late Department, Superior Court, Los 
Angeles, involving four separate cases 
each of which involved one or more 
charges and convictions of smog vio- 
lation. People v. Plywood Manufac- 
turers of Calif.; People v. Shell Oil 
Co.; People v. Union Oil Co.; People 
v. Southern Calif. Edison Co.; 137 
C.A. 2d Supp. 859; 291 P. 2d 587. 

The defendants stood charged and 
convicted of violating Section 24242 
of the Health and Safety Code. Sec- 
tion 24242 provides: 


“A person shall not discharge into 
the atmosphere from any single 
source of emission whatsoever any 
air contaminant for a period or pe- 
riods aggregating more than three 
minutes in any one hour which is: 

“(a) As dark or darker in shade 
as that designated as No. 2 on the 
Ringelmann Chart, as published by 
the United States Bureau of Mines, 
or 

“(b) Of such opacity as to obscure 
an observer’s view to a degree equal 
to or greater than does smoke de- 
scribed in subsection (a) of this sec- 
tion.” Directly involved was sub- 
division (b) relative to opacity of 
emission. The Appellate Department, 
after recalling its prior decision in 
People v. International Steel Corp. 
(1951), 102 Cal. App. 2d Supp. 935, 
226 P. 2d 587 that the standard made 
use of in subsection (a) is sufficient- 
ly definite to satisfy due process, went 
on to say: 

“Subdivision (a) only begins to 
solve the problem of the discharge of 
contaminants into the air; it does not 
touch smoke and other substances too 
light in shade to come up to Ringel- 
mann No. 2. They may be so sub- 
stantial in nature, however, that they 
make it impossible to see an object on 
the other side. We have all seen very 
white smoke that shut out the view 
completely. Again thev may obscure 
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the view to a lesser degree than to- 
tality... 


“We may, therefore, express the 
test of subdivision (b) in simple 
terms; it condemns smoke or any oth- 
er contaminant that is at least as hard 
to see through as is smoke which is 
as dark or darker than Ringelmann 
No. 2. There is nothing mystic or in- 
comprehensible about such a state- 
ment.” 


The court in upholding the validity 
of subsection (b) of the statute dis- 
missed the contention made by ap- 
pellants that Section 24242 was un- 
constitutional for uncertainty under 
the theory that an ordinary person 
having no special training, will not be 
able to tell whether certain smoke is 
as dark as Ringelmann No. 2, or 
whether its opacity equals that of 
smoke matching Ringelmann No. 2, 
by stating: 

“A statute is invalid if its terms 
leave that which it attempts to con- 
trol shrouded in uncertainty, but a 
statute which declares an act, identi- 
fied with certainty; to be unlawful is 
not rendered unconstitutional _be- 
cause the act, as a fact, may not be 
readily identifiable by the common 
man as that forbidden by the stat- 
ute.” 


Illustrative Cases of Reasonable 
Classifications 


In Moses v. United States, supra, 
the statute exempted chimneys of 
buildings used exclusively for private 
residences, while declaring the emis- 
sion of dense or thick black or gray 
smoke of cinders from smoke stacks 
or chimneys to be a public nuisance. 
The statute was upheld. 


In State v. Tower, 134 Mo. App.. 
352, 114 S.W., 1104, (1908) the 
court sustained a conviction under a 
Missouri statute prohibiting dense 
smoke in cities of more than 100,000 
except where no device for compli- 
ance existed. !t was shown that the 
defendant was using a boiler to which 
no device could be attached. 


In Atlantic City v. France, 75 N.J.L. 
910, 70 Atl. 163, 18 L.R.A. (N.S.) 
156 (1908), the court upheld an ordi- 
nance which made it unlawful to per- 
mit the emission of dense smoke from 
any stack connected with any engine 
or locomotive within the city limits, 
which smoke contained soot or other 
substances in sufficient quantity to 
cause injury to the health or damage 
to property within the corporate lim- 
its of the city, and which made no 
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distinction between locomotive en- 
gines operated on railroads and any 
other kind of engine. 


Legality of Automotive Exhaust 
Control Devices 

Scientific studies and tests have 
left little doubt that automotive ex- 
hausts emit irritating substance in the 
nature of incombustible gasoline. 
The formation and enforcement of ef- 
fective measures to control this 
source of pollution continues to be a 
serious problem with air pollution 
control officials. 


The courts have upheld the right 
of the legislative branch of govern- 
ment to prescribe the methods, regu- 
lations, and restrictions to be imposed 
as a means of achieving the desired 
elimination of air pollutants as a prop- 
er exercise of the police power as long 
as the legislative determination is not 
arbitrary and unreasonable (Ballen- 
tine v. Nester 350 Mo. 58; 164 S.W. 
2d 378; Northwestern Laundry Com- 
pany v. Des Moines, 239 U. S. 486: 
60 L.Ed. 396; 36 S. Ct. 206). 

The County Counsel of the County 
of Los Angeles examined into the le- 
gality of requiring a control device 
on every new motor vehicle, and on 
October 27, 1953, an opinion was re- 
leased holding that the Board of Su- 
pervisors sitting as the Air Pollution 
Control Board, after notice and hear- 
ing competent testimony that auto- 
mobile exhaust gases are a material 
contribution to the smog problem, 
could require every new automobile 
sold for use in Los Angeles County, 
including those sold in cities, to be 
equipped with a device which would 
eliminate or reduce exhaust gases, or 
set a time limit after which any new 
automobile, bus or truck would be 
equipped with a device approved by 
the Air Pollution Control District. 
The County Counsel’s opinion stated 
in part as follows: 


“Our answer is that the rule-mak- 
ing power of the Board of Supervis- 
ors, sitting as the Air Pollution Con- 
trol Board. is broad enough to cover 
almost any conceivable situation in 
connection with the control of air pol- 
lution in this County. Such powers, 
however, may not be exercised arbi- 
trarily, capriciously, or unreasonably. 
Board action must be based on proven 
facts or sound scientific opinion. As 
the engineers and chemists discover 
new sources of, or new remedies for 
air pollution, the Board’s power ex- 
tends to these new sources and reme- 
dies. Answering your question more 
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specifically, the Board will have the 
power to require motor vehicles to be 
equipped with a device to eliminate 
the emission of air contaminants as 
soon as such a device is perfected, 
hown to be effective, available on the 
-varket and the requirement of its use 
found to be reasonable . . . 

“However, we are informed by the 

ir Pollution Control District engi- 
cers that there is no device on the 
-iarket as yet which will reduce or 
‘iminate the emission of fumes from 
.otor vehicles. One device is being 
-sted, another is still in the designing 
age. It is not known whether ei- 
ier will work. Neither is it known 
ow long it will be before some such 
evice, after being proved practicable, 

ill be available commercially. 

Until such a device is perfected and 

n the market, any rule requiring the 
se of the device is arbitrary, capri- 
ious and void, unless the hazard to 

fe and property is so great that a 

ule would be justified forbidding the 
ale or use of motor vehicles in this 
‘ounty. From the facts given to us, 
ihe Board could conclude that there 
‘s no such emergency now in Los 
Angeles County. Once a satisfactory 
device is perfected, shown to be effec- 
iice for the purpose and practicable 
in operation, then the regulation pro- 
posed could be adopted, allowing suf- 
licient time before it becomes effec- 
tive to’ get the device on the market in 
reasonable quantities. As it is im- 
possible to tell when such a device 
may be invented, or if invented, when 
perfected for motor vehicle use and 
shown to be practicable, no such regu- 
lation could be adopted now to be ef- 
fective at a future date. 

“We conclude that the rule you sug- 
gest, with certain modifications, can 
be adopted when the required device 
is available, but not until then.” 


Illustrative Cases Holding 
Regulations Invalid; Unreasonable; 
Uncertain; Insufficient Power in 
Local Body 


In the case of Department of Health 
of the City of New York v. Philip and 
William Ebling Brewing Company, 38 
Mise. 537, 78 N.Y.S. 13, (1902), the 
Court refused to convict the defendant 
for allowing gas to escape from its 
furnace where. it was not shown that 
the gas was detrimental or annoying 
to any person, although the ordinance 
involved literally prohibited the emis- 
sion of all smoke or gas from fur- 
naces. The ordinance (Section 134 
of the Sanitary Code of New York 
City) provided: 
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“Nor shall any . . . person... 
allow any smoke . . . gas, steam or of- 
fensive odors to escape . . . from any 
... building . . ., and every furnace 
employed . . . shall be so constructed 
as to consume or burn the smoke aris- 
ing therefrom.” 

The court said: 


“. . . It appears that the defendant 
has adopted and uses a pattern of fur- 
nace designed to burn and consume 
smoke; that the matter carried off 
from the firebed does not pass directly 
into its chimney, but passes first 
through a process that burns and con- 
sumes all the solid matter in the es- 
caping product of combustion, so that 
whatever passes into the chimney is in 
the form of a gas, without ash, soot. 
or dust. 


“. . The defendant’s proof estab- 
lishes that whether the flue of its 
chimney carries off imperceptible gas 
or visible smoke, in neither case is 
any feature of nuisance to any resi- 
dent of the city possible, nor has any- 
one living in any direction from its 
premises suffered any injury, annoy- 
ance, inconvenience, discomfort, or 
hurt. If the provision adopted by 
the Board of Health, however, is to be 
literally applied, these considerations 
are immaterial, because the section 
prohibits the escape of smoke under 
any circumstances. 


“ . If it had not been proved 
before me in this case, I think that 
the Court would take judicial cogni- 
zance of the fact that no fire can be 
burned without giving off as a prod- 
uct of combustion an exhalation visi- 
ble as smoke or invisible as gas. To 
prescribe that a furnace should be 
used without allowing any smoke or 
gas to be given off calls for as little 
possibility of compliance as to require 
that it be used without permitting 
combustion, and yet that is what this 


section of the Sanitary Code literally" 


requires. It cannot be supposed that 
the legislature intended to require the 
impossible or to close every furnace 
in our city for the promotion of a 
better atmosphere. To give this sec- 
tion, therefore, a reasonable and 
working application, the attempt to 
construe it literally must be aban- 
doned, and something further looked 
to than the phraseology in its un- 
qualified significance. 


“. .. All the prohibitory provisions 
of that Code are designed to prevent 
actions that are calculated to work a 
detriment to some person. To accom- 
plish that is the reason and excuse 
for interfering with the liberty of each 
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individual to do as he pleases with his 
own. When, therefore, the legislature 
enacted as a part of the Sanitary Code 
that no gas or smoke should be al- 
lowed to escape from a furnace, I 
think it must be understood with the 
implied qualification, ‘to the detri- 
ment or annoyance of any person.” 

See also: People on complaint of 
Greene v. Long Island Railroad Com- 
pany, 31 N. Y. Supp. 2d 537, (1942). 

In 1944 the Supreme Court of Illi- 
nois in the case of the City of Kanka- 
kee v. New York Central Railroad 
Co., 387 Ill. 109, 55 N.E. 2d 87, held 
that the ordinance declaring the emis- 
sion of dense smoke a nuisance which 
might be summarily abated by the 
building inspector, was unreasonable 
and arbitrary as applied to the de- 
fendant railroad in that it would pro- 
hibit the operations of such railroad. 
The ordinance did not define the 


' terms and conditions which would 


guide the building inspector in the ex- 
ercise of his discretion. The case is 
not too persuasive as a general propo- 
sition, however, and may be partially 
explained by poor draftsmanship. 

In the more recent case of the 
People v. San Pedro Lumber Com- 
pany, (Unreported, Appellate Depart- 
ment, Superior Court, Los Angeles 
County, California) CRA 2677, the 
Court agreed with the contention that 
a section of the Los Angeles Munici- 
pal Code was void for indefiniteness 
and uncertainty. The section in ques- 
tion read as follows: 

“No person by himself, or his em- 
ployee . . . shall cause, suffer or per- 
mit to be discharged from any source 
whatsoever within the city of Los 
Angeles, any unnecessary or unrea- 
sonable smoke, dust, soot, or fumes.” 

In so deciding, the Court stated: 

“The effect of this provision is to 
prohibit the discharge of ‘any unnec- 
essary or unreasonable smoke,’ with- 
out providing any standards of com- 
parison for smoke or giving any clue 
to surrounding circumstances to be 
considered in determining whether 
smoke is unreasonable or unneces- 
sary. The prohibition is in the alter- 
native, so it definitively contemplates 
that smoke may be reasonable though 
unnecessary, or necessary though un- 
reasonable, but it is not clear how 
either such conditions could be 
brought about. Neither does the ordi- 
nance state what may be recorded as 
a necessity, nor whether the necessi- 
ty or reasonableness of smoke is to be 
determined from the standpoint of 
the person discharging it or other- 
wise. In short, the ordinance sets up 
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no reasonably ascertainable standard 
by which a citizen can discover in ad- 
vance whether his discharge of smoke 
will be held to violate the ordinance 
or not.” 

It is well to note at this point, that 
a number of cases that hold ordi- 
nances invalid have been decided on 
the ground that the local body did not 
have the power, under the particular 
state constitutional and statutory pro- 
visions or the charter of the local 
body, to declare dense smoke a nui- 
sance. However, in such cases, the 
courts have usually admitted that the 
legislative body of the state had such 
power. It is in such cases, also, that 
the statement often appears that the 
municipality cannot make that a pub- 
lic nuisance which is not in fact such. 
Other decisions state that although the 
local body was given power to declare 
nuisances, it could not declare the 
emission of smoke a nuisance, because 
the mere emission of smoke was not 
in fact a nuisance or a nuisance per 
se; but that the state legislature could 
so declare. 

For instance, in the case of City of 
St. Louis v. Heitzeberg Packing and 
Provision Co., 141 Mo. 375, 42 S.W. 
954 (1897) an ordinance of the City 
of St. Louis provided: “The emission 
into the open air of dense smoke or 
thick gray smoke within the corporate 
limits of the City of St. Louis is here- 
by declared to be a nuisance.” The 
court held the ordinance void, stating 
that smoke alone was not a nuisance 
per se, and that the city could not de- 
clare that a nuisance which was not 
so in fact. The case was decided on 
the ground that the City of St. Louis 
did not have the power to declare 
smoke a nuisance, as its charter gave 
it the power only to declare nuisances 
on private and public property and 
the causes thereof, but did not spe- 
cifically empower the city to declare 
the emission of thick smoke a nui- 
sance. 

In the case of State v. Tower, 185 
Mo. 79, 84 S.W. 10, at page 12 
(1904) the court stated that the ques- 
tion in the St. Louis case was not 
whether the state had the power, but 
whether the city, in the absence of a 
state law and in the absence of such 
power in its charter, could declare the 
emission of smoke a nuisance per se. 
This was also the basis of decisions 
holding ordinances of Cleveland and 
St. Paul unreasonable. Cleveland v. 
Malm, 7 Ohio Dec. 124, following 
Sigler v. Cleveland, 4 Ohio Dec. 166; 
City of St. Paul v. Gilfillan, 36 Minn. 
298, 31 N.W. 49 (1886). 
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Statutes and Ordinances Not Based 
On Nuisance 


The police power of the state, or of 
the municipality or other local agen- 
cy when properly authorized by the 
state, extends to the regulation of air 
pollution, visible or invisible, without 
regard to whether the condition con- 
stitutes a common law or statutory 
nuisance. 


In Board of Health of Weehawken 
Township v. New York Central Rail- 
road (1952) 10 N. J. 294, 90 A. 2d 
729, 735, the court said: 


“The reason for a municipality 
making unlawful the emission of 
smoke is readily apparent. The is- 
suance of dense smoke from a single 
chimney, in and of itself, may be al- 
together harmless and cause no in- 
convenience or damage to the public, 
but if smoke of like density issued 
from hundreds of chimneys, the con- 
tamination of the atmosphere would 
be substantial and the injury to the 
public considerable, yet for lack of 
the requisite elements of a public nui- 
sance at common law, the municipali- 
ty could obtain no relief by way of 
indictment. Ordinances making un- 
lawful the emission of smoke are 
therefore obviously necessary and 
reasonable and a valid exercise of the 
local police power.” 


See also: People v. International 
Steel Co., (1951) 102 Cal. App. 2d 
Supp. 935, 226 P. 2d 587. 


In State v. Mundet Cork Corp., 
(1952) 8 N. J. 359, 86 A. 2d 1, at 
3-4, the court said: 


“The emphasis in this type of ordi- 
nance for centuries has been placed 
on smoke regulation. (In response 
to a petition by the citizens of Lon- 
don, a royal proclamation was issued 
by Edward I in England in 1306 to 
prohibit artificers from using sea 
coal, as distinguished from charcoal. 
in their furnaces, and making use of 
sea coal a capital offense...) In 
more recent generations other air pol- 
lutants have been subjected to con- 
trol . . Ordinances designed to regu- 
late and control air pollution in the 
interest of the public health and wel- 
fare have been held valid and enforce- 
able in this State . . 


Validity Not Based on Nuisance 


The validity of an ordinance or 
statute regulating the emission of 
smoke or fumes does not depend upon 
whether or not it is a nuisance. The 
validity depends entirely upon wheth- 
er or not the law comes within the 
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constitutional limitations and. in the 
case of a city, whether or not it has 
power under its charter or consti- 
tutional or statutory provisions to 
pass such a law. The police power 
permits the state to enact laws to for- 
bid and regulate various practices to 
provide for the general welfare and 
comfort of the people, regardless of 
whether or not they constitute nui- 
sances. 

A leading case on the subject is the 
California case of In re Junqua, 10 
Cal. App. 602, 605 (1909). 

In this case the petitioner sought a 
discharge on a writ of habeas corpus 
to test the validity of a (Sacramento) 
city ordinance. The ordinance pro- 
vided: 

“It shall be unlawful for any per- 
son, firm or corporation to permit any 
soot to escape from the smokestack 
or from the chimney of any furnace 
within the City of Sacramento in 
which distillate or crude oil is con- 
sumed as fuel.” 

The petitioner claimed that the 
ordinance was unconstitutional and 
void on its face, as under the ordi- 
nance it made no difference how lit- 
tle soot was emitted. The court 
stated: 

“That the police power is an in- 
herent attribute of every state or com- 
monwealth in the Union is a proposi- 
tion which will readily be conceded. 
It is not only a power which inheres 
in the sovereignty of the states, but is 
a power the exercise of which by the 
states is indispensably essential to the 
health, peace, comfort and welfare 
— of the inhabitants there- 

“This power embraces the right to 
regulate any class of business, the op- 
eration of which, unless regulated, 
may, in the judgment of the appro- 
priate local authority, interfere with 
the rights of others, for, as is said in 
Dobbins v. City of Los Angeles, 139 
Cal. 179 (96 Am. St. Rep. 95, 72 Pac. 
970), ‘all property is subject to the 
police power.’ In other words, the 
proposition cannot be maintained that 
the exercise of this power is confined 
to the regulation only of such inter- 
ferences with the public welfare and 
comfort as some strictly within the 
common law definition of a ‘nui- 
sance. (Dobbins v. City of Los 
Angeles, supra.)” 

See also: Buffalo v. George P. Ray 
Manufacturing Company, 124 N. Y. 
931, Ann. Cas. 1918 B, 174 (1910). 

Not all courts have been so coop- 
erative toward attempts to reduce air 
contamination. 
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For example, in the case of Glucose 
Refining ie tage v. Chicago, supra, 
the court said: 

“... It is held in the case of Har- 
mon y. Chicago, supra, that a Mu- 
nicipality cannot by ordinance make 
that a public nuisance which was not 
in fact such. The same rule is laid 
down in numerous cases and must be 
deemed a settled rule for the purpose 
of this motion.” 


In the case of the State v. Chicago, 
supra, the court stated: 


“It is elementary that the legisla- 
lure cannot prevent a lawful use of 
property by declaring a certain use 
to be a nuisance which is not in fact 
« nuisance, and prohibiting such use.” 


State Action to Abate Interstate 
Nuisance 


In an equity action brought to en- 
join a foreign corporation from dis- 
charging noxious gases from their 
works in Tennessee over large tracts 
of the state of Georgia, the United 
States Supreme Court in the case of 
State of Georgia v. Tennessee Copper 
Company, (1907) 27 S. Ct. 618, 51 
L.Ed. 1038, upheld. the injunction. 
Mr. Justice Holmes, writing for the 
Court said: 


“This is a suit by a state in its ca- 
pacity of quasi-sovereign. In that ca- 
pacity the state has an interest inde- 
pendent of and behind the titles of 
its citizens, in all the earth and air 
within its domain. It has the last word 
as to whether its mountains shall be 
stripped of their forests and its in- 
habitants shall breathe pure air . . . 
If the state has a case at all it is some- 
what more certainly entitled to spe- 


cific relief than a private party might 
be.” 


Justice Harlan in a concurring 
opinion stated: 

“Georgia is entitled to the relief 
sought, not because it is a state, but 
because it is a party which has es- 
tablished its right to such relief by 
proof.” 


Impairment to Health Not Necessary 


Discomfort, inconvenience and an- 
noyance to the public is sufficient, 
and impairment to health is not nec- 
essary, to render the emission of 
smoke and fumes a nuisance, and also 
to permit its abatement by statute. 
39 Am. Jur. 337, Note 19, Section 54; 
Moses v. United States, 16 App. D. C. 
428, 50 L.R.A. 532; Judson v. Los 
Angeles Suburban Gas Co., 157 Cal. 
168, 171, 173 (1910) ; Dauberman v. 
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Grant, 198 Cal. 586, 48 A.L.R. 1244, 
246 Pac. 319 (1926); State ex rel 
Krittenbrink v. Whithnell, 91 Nebr. 
101, 135 N.W. 376, 40 L.R.A. (N.S.) 
898 (1912). 

In the case of Moses v. United 
States, supra, the court said: 

“Without reference to statutory 
regulations or declarations in a par- 
ticular case, any use of one’s proper- 
ty, ordinarily lawful, may become a 
nuisance, not only when it produces 
injury to public health, safety and 
morals, but also when it occasions 
public inconvenience, or materially 
impairs the public comfort — ‘the 
physical comfort of human exist- 
ence.’ ” 

In the California case of Judson v. 
Los Angeles Suburban Gas Co., supra, 
the plaintiff filed an action for dam- 
ages and to abate a nuisance. The 
defendant had constructed gas works 
near plaintiff's home on the bank of 
the Arroyo Seco in Los Angeles. The 
smoke, odor and noise interfered with 
the comfortable enjoyment of plain- 
tiffs property, but there was no evi- 
dence that plaintiff's health or that of 
his family was injuriously affected. 
The plaintiff complained that the 
smoke was so thick that it sometimes 
obstructed the landscape, had a pene- 
trating odor, and at times strongly 
suggested a London fog. 


The appellate court upheld the in- 
junction and judgment for damages, 
and stated: 


“In order that a judgment of this 
character may be upheld, it is not 
necessary that the health of plaintiff 
or of members of his household 
should have been impaired. It is suf- 
ficient if the odors, sounds, and smoke 
were offensive to the senses. 


“. .. A gas factory does not con- 
stitute a nuisance per se. The manu- 


facture in or near a great city or gas. 


for illumination and heating is not 
only legitimate but is very necessary 
to the comfort of the people. But in 
this, as in any other sort of lawful 
business the person conducting it is 
subject to the rule sic utere tuo ut 
alienum non laedas, even when oper- 
ating under municipal permission or 
under public obligation to furnish a 
commodity . . . Nor will the adoption 
of the most approved appliances and 
methods of production justify the 
continuance of that which, in spite of 
them, remains a nuisance.” 

In the California case of Dauber- 
man v. Grant, 198 Cal. 586, 48 A.L.R. 
1244, 246 Pac. 319 (1926) the court 
held that the defendant could be en- 
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joined from maintaining a nuisance 
where he maintained a smoke stack at 
such a low height that heavy black 
smoke and soot were carried into 
plaintiff's adjacent dwelling. 

The court said: 


“It was not necessary to the recov- 
ery of damages caused by the nui- 
sance of smoke and soot to prove ac- 
tual damage to plaintiffs property. 
She was entitled to recover for the 
personal discomfort and annoyance 
to which she had been subjected and 
it was a question for the trial court 
to determine the amount of compen- 
sation which she should receive.” 


See also: State v. Mundet Cork 
Corp., (1952) 8 N. J. 359, 86 A. 2d 1. 


Thus impairment to health need 
not be shown. However, in a proper 
case the court will take judicial notice 
of the fact that air pollution is in- 
jurious to health. Penn-Dixie Ce- 
ment Corp. v. City of Kingsport 
(1949) 189 Tenn. 450, 225 S.W. 2d 
270, 275. Board of Health of Wee- 
hawken Township v. New York Cen- 
tral Railroad Co., (1950) 4.N. J. 293, 
72 A. 2d 511, 514-515. In the Penn- 
Dixie case, the court said (at page 
275): 

“But this Court can and does take 
judicial cognizance of the fact that 
when the air is laden with a heavy 
cloud of smoke and dust that such a 
condition constitutes a nuisance and 
is detrimental to the health and safety 
of the public. When therefore the 
legislature confers upon a municipali- 
ty authority to safeguard the public 
health, it is wholly unnecessary that 
the charter or general law should go 
further and declare that smoke and 
dust are detrimental to health. Every- 
body knows that it is. . .” 

The Weehawken Township case 
(72 Atl. 2d at pp. 514-515) states: 

“And there can be no doubt that 
the regulations under review have a 
substantial relation to the public 
health. Dense smoke, a carrier as it 
is of dust, soot and cinders, contami- 
nates and pollutes the atmosphere and 
deteriorates its normal healthful at- 
tributes and qualities, and therefore 
cannot but be harmful to the public 
health, especially in populous areas. 
This is a matter of common experi- 
ence, so much so that it is properly a 
subject of judicial notice.” 


Comparative Injury Doctrine, or 
Balancing the Equities 


The doctrine of comparative in- 
jury, more commonly called balanc- 
ing the equities, is accepted in some 
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jurisdictions and denied in others, or 
accepted as to one set of facts and de- 
nied as to other situations. Based on 
equitable principles, it would seem 
to be properly applicable in cases of 
undue hardship. Yet the reasoning 
in the case of its denial is hard to 
answer; that in so far as plaintiff is 
denied a decree enjoining an actual 
nuisance, defendant in effect is giving 
an easement over plaintiff's land. This 
amounts to a taking of property for 
private use in violation of the Consti- 
tution. Where the defendant is re- 
quired to pay plaintiff the reasonable 
value of his property, or the interest 
therein which is damaged, the effect 
is condemnation for the benefit of a 
private person who does not possess 
the power of eminent domain. 

In Anderson v. Souza, (1952) 38 
Cal. 2d 825, 243 P. 2d 497, the court 
said (at 38 Cal. 2d 842) that the own- 
ers of a private airport, 

. must nevertheless conduct it 
with due regard for the rights of oth- 
ers, and if because of location the 
operation of such a business will re- 
sult in depriving others of their prop- 
erty rights, it cannot be permitted, for 
to do so would, in practical effect, 
condemn the property of others in 
violation of constitutional guarantees. 
(Hulbert v. California Portland Ce- 
ment Co., 161 Cal. 239 (118 P. 928, 
38 L.R.A.N.S. 436) .)” 

In Mclvor v. Mercer-Fraser Co., 
(1946) 76 Cal. App. 2d 247, at page 
251, 172 P. 2d 758, the court analyzes 
the problem as follows: 

“Appellants, without citation of au- 
thority, advance the novel proposition 
that the trial court erred in excluding 
evidence that after the excavation had 
been made and the respondents had 
protested, appellants offered to pur- 
chase respondent’s property at its cost 
or the market price thereof, and thus 
‘make them whole.’ Had the trial 
court permitted appellants to make 
such a showing it would have al- 
lowed them to take advantage of their 
own wrong, contrary to settled prin- 
ciples. (Civ. Code, sec. 3517). If 
appellants’ theory were sound, one 
who coveted his neighbor’s property 
could force a sale of the same by the 
simple expedient of injuring such 
property, of impairing the enjoyment 
thereof and cause the owner to sell or 
forego all right to damages by tender- 
ing to the owner the cost of said 
property to him or the market value 


thereof. This of course cannot be the . 


law.” 
In French Art Cleaners v. State 
Board of Dry Cleaners (1948) 88 Cal. 
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App. 2d 45, 46, 198 P. 2d 91, the 
question was raised on an application 
for a writ of supersedeas, and an- 
swered by the court as follows: 

“The sole question then is whether 
the showing made by petitioner is 
such as will justify this court in exer- 
cising its inherent power in his be- 
half. We think that it is. This con- 
clusion is not based upon a balancing 
of conveniences or hardships, which 
is not the proper test . . . but upon a 
consideration of the respective rights 
of the litigants, which contemplates 
the possibility of an affirmance of the 
decree as well as of a reversal.” 

The question was raised in a little 
different form in Guttinger v. Cala- 
veras Cement Co. (1951) 105 Cal. 
App. 2d 382, 233 P. 2d 914, where the 
court said (105 Cal. App. 2d at 390- 
392): 

. Having so determined, the 
trial court was thereby of necessity 
required to formulate a practical de- 
cree which would restrain respondent 
from maintaining a nuisance and yet 
permit the operation of its plant with 
as little interference as was reason- 
ably practicable. This we think the 
trial court clearly attempted to do and 
succeeded in doing. 

“... The trial court, while finding 
that a nuisance was being maintained, 
also found impliedly that the restric- 
tion imposed by the decree would 
eliminate the nuisance and that was 
all to which the appellants were then 
entitled. If further increase of ce- 
ment production shall lead to a great- 
er total volume of dust and gases, so 
that 13 per cent thereof would be in- 
jurious, the court will be open to en- 
tertain a motion to extend the restric- 
tions and adapt them to the new con- 
ditions. We do not understand the 


court’s decree to adjudge that re-— 


spondent has something in the nature 
of an easement for the deposit upon 
the appellants’ lands of 13 per cent 
of the total amount of dust and gases 
generated in the conduct of its busi- 
ness, but rather that the court has 
taken the situation as it found it and 
undertook to impose workable restric- 
tions that would eliminate the injury 
for the present. There is nothing in 
the record that would require any 
change in that decree in the present 
or in the near future. The court of 
course retains jurisdiction over the 
cause to modify its decree from time 
to time to fit changing conditions.” 


Anticipatory Nuisance 


It is significant to note that as early 
as 1868 in the case of Ross v. Butler, 
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19 N.J.E. 294, a request for an in- 
junction to prevent the erection of a 
lawful business which allegedly would 
result in a public nuisance was grant- 
ed even before the nuisance actually 
came into existence. The court in 
that case said that when the prosecu- 
tion of a business in itself lawful, in 
the neighborhood of a dwelling house, 
renders the enjoyment of it materially 
uncomfortable by the smoke or cin- 
ders or noise or offensive odors pro- 
duced by such business, although in 
no degree injurious to health, the car- 
rying on of such business there is a 
nuisance. 

So too in the case of Shaw v. Salt 
Lake County, 119 Utah 50, 224 Pac. 
2d 1037 (1950) it was established 
that private persons had the right, de- 
spite sovereign immunity, to enjoin a 
county in its governmental capacity, 
from erecting a hot asphalt plant 
which plant the court found would 
cause a dust nuisance when completed 
and put into operation. 


Coming to the Nuisance 


This concept is based on the early 
common law doctrine that he who 
builds his house near a known and 
existing nuisance must take the con- 
sequences. It was first announced in 
Rex v. Cross (1826) 2C. & P. 483, 
172 Eng. Rep. 219 (subsequently 
overruled in England). 

The rule of Rex v. Cross was 
adopted by the Supreme Court of 
Oregon in East St. Johns Shingle Co. 
v. Portland (1952) 195 Ore. 505, 246 
P. 2d 554, at least as applied to the 
limited situations of that case, where 
a public body is defendant and the 
nuisance arises from the performance 
of a governmental function (sewage 
disposal). The case is criticized in 
a note by Cassius Kirk, Jr., in 41 
Calif. Law Review 148 (Spring. 
1953). 

A company charter authorizing the 
manufacture of animal matter into a 
fertilizer is not a contract guarantee- 
ing in the locality originally selected. 
exemptions from the exercise of the 
police power of the state, however se- 
rious the nuisance might become in 
the future by reason of the growth of 
population around it. Northwestern 
Fertilizing Co. v. Village of Hyde 
Park, 97 U. S. 659, 24 L.Ed. 1036. 

See also: Mahone v. Autry (1951) 
55 N. Mex. 111, 227 P. 2d 623. 

In City of Rochester v. Charlotte 
Docks Co., (1952) 114 N. Y. Supp. 
2d 37, 72-73, the case against the rule 
of Rex v. Cross, supra, is clearly 
stated: 
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A continuation of the nui- 
sance is regarded as a new nuisance. 
It is this principle which gives a party 
who builds on his own property be- 
side a nuisance, previously erected, a 
right to have the nuisance abated. 

“Our decision is not influenced by 
the fact that quite a number of plain- 
tiffs became owners of the property 
after the alleged nuisance existed for 
a number of years, or that, even 
knowing it was so affected, they still 
persisted in buying property in the 

“The right of habitation is superior 
i» the right of industry or trade. . . 
‘If population, where there was none 
lefore, approaches a nuisance, it is 
the duty of those liable at once to put 
an end to it...’ 


“Tt matters not that the brick-yard 
was used before plaintiffs bought 
their lands or built their houses. (cit- 
ing cases.) One cannot erect a nui- 
sance upon his land adjoining vacant 
ijands owned by another and thus 
measurably control the uses to which 
his neighbor’s land may in the future 
be subjected. He may make a rea- 
sonable and lawful use of his land and 
thus cause his neighbor some incon- 
venience, and probably some damage 
which the law would regard as dam- 
num absque injuria. But he cannot 
place upon his land anything which 
the law would pronounce a nuisance, 
and thus compel his neighbor to leave 
his land vacant, or to use it in such 
way only as the neighboring nuisance 
will allow .. .” 


Recent cases dealing with air pol- 
lution control ordinances have con- 
sidered the subject of criminal intent 
as an element of the offense. 


Intent Not Necessary to Violate 
Statute or Ordinance 


“The criminal intent or mens rea 
essential to a conviction in the case of 
true crimes need neither be alleged 
or proven with respect to violations 
of municipal ordinances which for- 
bid the commission of certain actions 
contrary to the general welfare and 
makes them malum prohibitum. Proof 
or admissions of the doing of the for- 
bidden thing, regardless of intent, 
good faith, or willfulness, must bring 
a conviction.” People v. Consolidated 
Edison Co. of N. Y., Inc., 116 N.Y.S. 
2d 555. 

In People v. Alexander, Unreport- 
ed, Appellate Department, Superior 
Court, Los Angeles County, Califor- 
nia, CR A 2709, (1951) the defend- 
ant was charged with violating pro- 
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visions of section 24242 of the Health 
and Safety Code of the State of Cali- 
fornia, for discharging air contami- 
nants into the atmosphere on 2 sepa- 
rate occasions. 

The court in that case held that an 


instruction rendered by the trial court 
was correctly given as follows: 


“It is the actuality and not the 
guilty intent that determines guilt. 
Intent is not an element of the offense 
defined in Health and Safety Code, 
sec. 24242.” 


Damage Necessary to Sustain An 
Action to Enjoin a Common Law 
Nuisance 


In Hofstetter v. Myers (1951) 170 


Kans. 564, 228 P. 2d 522, 24 A.L.R. 
2d 188, the trial court enjoined as a 
nuisance the operation of an asphalt 
plant at such times and manner that 
the dust and dirt coming therefrom 
will injure, molest or interfere with 
the plaintiffs in the peaceable, quiet 
enjoyment of their property. The 
evidence showed that the dust reached 
plaintiffs only when the wind was 
from the southwest, was not accom- 
panied by soot, smoke, odors or 
fumes, was the same as the dust from 
unpaved roads in the vicinity and 
merely inconvenienced plaintiffs, who 
had built homes in the area notwith- 
standing the presence of 2 railroads 
and the municipal garbage dump. 
(However, these home were built be- 
fore defendant’s asphalt plant.) The 
Kansas Supreme Court reversed the 
judgment, saying (24 A.L.R. 2d at 
193-194) : 

“While the word ‘nuisance’ is per- 
haps incapable of precise definition, 
yet in general it is held to be some- 
thing which interferes with the rights 
of citizens, whether in person, prop- 
erty, or enjoyment of property, or 
comfort. 
mean an annoyance, and, in its broad- 
est sense, that which annoys or causes 
trouble or vexation, that which is of- 
fensive or noxious, or anything that 
works hurt, inconvenience or damage. 
(Citation). What may or may not 
constitute a nuisance in a particular 
case depends upon many things, such 
as the type of neighborhood, the na- 
ture of the thing or wrong complained 
of, its proximity to those alleging in- 
jury of. damage, its frequency of con- 
tinuity, and the nature and extent of 
the injury, damage or annoyance re- 
sulting. Each case must of necessity 
depend upon its own particular facts 
and circumstances. 


“As a general proposition it may be 
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It has also been held to. 


said that dust which substantially in- 
terferes with the comfortable enjoy- 
ment of adjacent premises constitutes 
a nuisance, provided it is sufficient to 
cause perceptible injury to persons 
or property. On the other hand, a 
reasonable amount of dust in a manu- 
facturing community or industrial dis- 
trict does not necessarily constitute a 
nuisance even though it may cause 
some annoyance, and this is particu- 
larly true where the dust caused by 
the operation of a business is only oc- 
casional and the resultant injury 
slight. In other words, a given 
amount of dust in one locality well 
might be considered and held to be a 
nuisance, and not so in others, all de- 
pending upon the particular facts and 
circumstances . . .”‘?) 

The case of Mclvor v. Mercer- 
Fraser Co., (1946) 76 Cal. App. 2d 
247, 172 Pac. 2d 758, involved an 
excavation which removed lateral sup- 
port of plaintiff's land, but was de- 
cided on the basis of public nuisance, 
citing air pollution control cases. The 
court said at pp. 253-254: 

“It was not necessary for respond- 
ents to show actual physical damage 
to their property . . . The depriva- 
tion by defendants of plaintiffs’ right 
to enjoy their property to the full 
constituted a partial eviction . . . The 
fact that it was only partial does not 
deprive respondents of their right of 
action. As the court stated in Judson 
v. Los Angeles Gas Co., supra, at page 
172: ‘It is surely no justification to 
a wrongdoer that he takes away only 
one twenty-eighth of his neighbor’s 
property, comfort or life.’ 

mere apprehension of injury 
from a dangerous condition may con- 
stitute a nuisance where it interferes 
with the comfortable enjoyment of 
property (46 C.J. sec. 50, p. 680), 
and that the injured party need not 
seek an abatement of the nuisance but 
may sue for damages.” 

Alonzo v. Hills (1950) 95 Cal. App. 
2d 778, 214 P. 2d 50, is not in point 
on its facts, being a suit for damages 
from blasting (for which a much 
higher standard of care is usually re- 
quired), but the court reaches its 
conclusion as to damages on the basis 
of air pollution cases. The court said 
at pp. 787-788: 

. The recovery for such inva- 
sion of his rights in the real property 
to which the owner-occupant is en- 
titled includes discomfort and annoy- 
ance... 


“. . . The amount of the recovery 
for discomfort and annoyance is lett 
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to the sound judgment and discretion 
of the trier of facts without —t 
of specific evidence as to su 
amount.” 

Injury to the public must be more 
than trivial, fastidious or offensive to 
esthetic senses. There must be some 
material damage to the public that is 
more than trivial, fastidious, or of- 
fensive to the esthetic senses, to render 
smoke a nuisance. 

In the case of Tuebner v. Califor- 
nia Railway Company, 66 Cal. 171, 
4 Pac. 162, 1164 (1884), involving a 
private nuisance, the court quoted 
with approval from Cooley on Torts, 
as follows: 


“If the smcke or dust, or both, 


“that arises from one man’s premises 


and passes over and upon those of 
another, causes perceptible injury to 
the property, or so pollutes the air as 
sensible to impair the enjoyment 
thereof, it is a nuisance. But the in- 
convenience must be something more 
than mere fancy, mere delicacy, or 
fastidiousness; it must be an incon- 
venience materially interfering with 
the ordinary comfort, physically, of 
human existence, nor merely accord- 
ing to elegant and dainty modes and 
habits of living, but according to 
plain, sober, and simple notions.’ ” 


The Ringelmann Chart 


While the Ringelmann Chart has 
been commonly used in ordinances 
and elsewhere as a measure of smoke 
emission for half a century, few cases 
referred to it and none actually ap- 
proved its use. Since 1947 the courts 
have been more generous in their no- 
tice of it. The Appellate Department 
of the Los Angeles County Superior 


Court (California) approved the use 
of the chart in People v. International 
Steel Corp. (1951) 102 Cal. App. 2d 
Supp. 935, 226 P. 2d 587, at 938-9, 
stating: 

“We think it is equally permissible 
for a statute to refer to and adopt, for 
description of a prohibited act, an of- 
ficial publication of any United States 
board or bureau established by law, 
such as the United States Bureau of 
Mines. The publications of that bu- 
reau are as readily available for ex- 
amination by those seeking informa- 
tion on the effect of the statute as were 
the statutes and regulations, refer- 
ences to which were approved in the 
cases just cited. It is no more neces- 
sary here than it was in those cases 
that provision be made for free or 
other public distribution of the matter 
referred to. The courts take iudicial 
notice of the official acts of the Bu- 
reau of Mines . . . and private citizens 
who are concerned with them are also 
charged with notice of them.” 


The court then proceeds to discuss 
the use of the Ringelmann Chart in 
detail, and holds that inspectors 
trained in the use of the chart are ex- 
- and may testify as such to the 

ingelmann number of a particular 
smoke emission, without using a chart 
(just as a police officer could testify 
to the length of a skid mark without 
actually measuring it with a tape 
measure or ruler). 


Other recent cases approving the 
use of the Ringelmann Chart are: 
Board of Health of Weehawken Town- 
ship v. New York Central Railroad 
(1950) 4.N.J. 293, 72 A. 2d 511, 512; 
Board of Health of Weehawken Town- 
ship v. New York Central Railroad 
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(1952) 10 N. J. 294, 90 A. 2d 729, 
735; Penn-Dixie Cement Corp. v. City 
of Kingsport (1949) 189 Tenn, 450. 


Multiple Sources of Pollution 


With the growth of cities and the 
multiplication of industrial plants 
more and more cases arose where 
there were several contributing 
sources of pollution making it diffi- 
cult to prove any defendant guilty of 
a nuisance. In some cases no one 
factory was responsible for enough 
pollution to constitute a nuisance, but 
the total contribution of two or more 
sources of pollution was a nuisance. 
Recent cases have found those re- 
sponsible for the various contribu- 
tions to be joint tort feasors, or at 
least not in a position to object if the 
court divides the damages between 
them as best it can. 

In Ingram v. City of Gridley 
(1950) 100 Cal. App. 2d 815, 224 P. 
2d 798, the court said (at pp. 823-4) : 


“But it is also contended that no 
award of damages could be given 
against the appellants because the 
damages were not apportioned, the 
appellants claiming that damages in 
a case such as this must be appor- 
tioned among the creators of the nui- 
sance and if that cannot, from the 
nature of the case, be done, damages 
cannot be awarded jointly against all. 
We think this contention likewise can- 
not be sustained. The record here 
reveals that each of the appellants. 
with full knowledge of the acts of the 
others, and in the face of repeated re- 
quests for a cessation of the acts 
which created the nuisance, continued 
to act and by their acts to create the 
nuisance complained of and treated 
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with each other concerning the matter 
to such an extent that they should be 


held to be joint tort feasors, each li- — 


able for the full damage. . .” 

In Permanente Metals Corp. v. 
Pista (CCA 9, 1946), 154 Fed. 2d 568 
at 570, the court reached a similar 
decision, and analyzed California 
Orange Co. v. Riverside Portland Ce- 
ment Co., 50 Cal. App. 522, 195 Pac. 
694, as follows: 

“... the court said that if it is im- 
possible to distinguish between the 
damage arising from injury attribu- 
table to the defendant and damage 


which has another origin, the trier of | 


the facts should be left to make from 
the evidence the best possible esti- 
mate. The court pointed to evidence 
showing ‘that plaintiff's grove, though 
not subject to any greater damage 
from the elements than other groves 
situated outside the zone of falling 
cement dust, did not produce as did 
the groves similarly situated outside 
the dust zone. The showing was 


thought sufficient to support the | 


award of damages against the de- 
fendant.” 


For similar holdings, see /nterna- 
tional Agr. Corp. v. Abercrombie, 184 
Ala. 244, 63 So. 549, 49 L.R.A., N.S. 
415; Learned v. Castle, 78 Cal. 454, 
461, 18 P. 872, 21 P. 11, 13; Hanlon 
Drydock etc. Co. v. Southern Pacific 
Co., 92 Cal. App. 230, 268 P. 385. 


Reasonable Use of Property and 
Substantial Compliance With 
Ordinance Regulations 


At an earlier point in this discus- 
sion, mention was made of the deci- 
sion in the case of People v. Detroit 
White Lead Works, supra, which held 
that whenever a business becomes a 
nuisance it has to give way to the 
rights of the public even though noth- 
ing is done which is not a reasonable 
and necessary incident to the busi- 
ness. 


In support of the rule laid down in 
the Detroit White Lead case the court 
in Moses v. United States, supra, said: 


“That there may be no smoke-con- 
suming appliances that will, under all 
circumstances, prevent the nuisance 
it is not a matter of relevancy. The 
facts concerning them were presuma- 
bly within the knowledge of Congress 
also when it took action; and no pro- 
vision has been made for their use. 
The use of smokeless fuel instead may 
have been expressly contemplated.” _ 

Several cases involving private nul- 
sances notably Elliot Nursery v. Du- 
quesne Light, 281 Pa. 166, 126 Atl. | 
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The Ducon Centrifugaltl 
basic air scrubber with § 
principle collection of 7 


lash Collector, Type UW-4, is a 
tensive applications for the wet 
foblem dusts and recovery fines. 
For maximum collection @fficiency of extremely fine dusts 
under the most varied @onditions... such as in high dust 
loading and for abrasivg dusts ... this unit has proved 
unexcelled in many typegiof industrial processes. Unitized 
construction, precisionghop-fitted parts and integrated 
fan assembly provide simple, rapid installation into the 
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DAY “AC” Dust Filter and DAY 
Dual-Clone in the Stauffer Chemical 
Company fertilizer plant located in 
Tacoma, Washington 


THIS DAY DUST CONTROL 
EQUIPMENT CERTAINLY 
SOLVED OUR DUST PROBLEM! 


DAY Supplies Dust Control Equipment 
for Practically Any Industrial Need 


The DAY “AC” dust filter* (shown above) captures sub- 
micron particles with 99.99+% filtering efficiency. This filter is 
used in many plants throughout the United States and Canada 
and handles a wide variety of materials including aluminum, 
cement, chemical, food, pharmaceutical, porcelain, radioactive, 
rubber and many other dusts. 

The DAY Dual-Clone (above-right) has low horsepower re- 
quirements and operates with unusually low back pressure. It 
requires no maintenance. 

For latest information about DAY “AC” and Dual-Clone 
equipment write toDAY for Bulletins 559 and 49-DC. 

*Licensed by H. J. Hersey, Jr. 


DAY TYPE “HV” CYCLONIC SEPARATOR 

A heavy gauge, welded, high efficiency cyclonic separator. The 
DAY “HV” has a wide range of applications. It handles abrasive 
or high temperature dust laden air and requires no maintenance 
because it has no moving parts. Available for pressure or vacuum 
operation. For additional information write for Bulletin 576. 


DAY TYPE “RJ” DUST FILTER* 
A packaged dust filter shipped completely assembled and 
ready to run. Provides high performance, top efficiency f 
dust control at low cost. High air-to-cloth ratios give extra 
air handling capacity in small area. Furnished with or 
without dust fan and discharge equipment. For latest 
information write toDAY for Bulletin 560. 
*Hersey and DAY patents applied for. 
DAY TYPE “G” EXHAUST FANS i a 
High air delivery per horsepower required. These fans are 
designed specifically for dust control applications. Each fan 
is statically and dynamically balanced before shipment. 
For further information write toDAY for Bulletin 471. 
4, 


~ 


Te DRY Company 


The DAY SALES Company The DAY Company of Canada. Ltd. 


862 Third Ave. N.E., Minneapolis 13, Minn. P.O. Box 70, Fort William, Ontario 
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345, 37 A.L.R. 793; Price v. Carey 
Manufacturing Co., 310 Pa. 557, 165 
Atl. 849 (1933); Downs v. Greer 
Beaty Clay Co., 29 Ohio C.C. 328, 58 
A.L.R. 1226 (1905), held that the 
business involved were not guilty of 
violations because they were using the 
best known modern appliances to pre- 
vent smoke and fumes. 

A fair test as to whether a business 
constitutes a nuisance is the reason- 
ableness or unreasonableness of con- 
ducting the business complained of in 
the particular locality and under the 
circumstances of the case; and where 
the use of the property is not unrea- 
sonable, it will not as a rule, be en- 
joined, nor can a person complaining 
thereof recover damages. Reber v. 
Illinois Central Railroad Co., 161 
Miss. Rep. 885, 138 So. 574 (1932). 

Where a bill was brought by prop- 
erty owners to enjoin defendants 
from maintaining a nuisance by the 
emission of obnoxious fumes and 
odors, the court in De Blois v. Bowers, 
4A Fed. 2d 621, (1930), stated: 

“Mere discomfort caused by such 
conditions without injury to life or 
health, cannot be ruled as matter of 
law to constitute a nuisance. Each 
case must depend upon its own fash- 
ion and no rule can be formulated 
which will be applicable to all causes. 


“The question whether the defend- 
ants have done everything reasonably 
practicable to avoid the cause of of- 
fense is important. Reasonable care 
must be used to prevent annoyance 
and injury to other persons beyond 
what the fair necessities of the busi- 
ness require.” 

In the more recent case of People 
v. Oswald, 116 N.Y. Supp. 2d 50 
(1952), where the defendant was 
prosecuted for violation of provision 
of the Administrative Code of the City 
of New York prohibiting the emis- 
sion of dense smoke, the defendant 
was held not to be guilty since he had 
done everything possible to comply 
with the regulations promulgated un- 
der the code. In so holding, the court 
said: 

“This legislation is regulatory in 
character and must be interpreted in 
the light of its necessity and the pur- 
pose to be accomplished. It is malum 
prohibitum and regardless of the ef- 
forts made by any individual to avoid 
a violation of the law or regardless 
of the intent if the prohibited action 
occurs that in and of itself is suffi- 
cient to constitute a violation. But 
this rule is subject to reason and the 
court must not close its eyes to ob- 
vious facts. The law does not seek to 
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cannot possibly perform. Walden v. 
City of Jamestown, 178 N.Y. 213, 
217, 70 N.E. 466, 467. 


“A reasonable interpretation should 
be made and if the adduced proof 
shows that a defendant has complied 
with the literal requirements of the 
law as nearly as it is practicable to 
do so under the prevailing circum- 
stances, and that he has adopted the 
best devices presently known to all, 
then the letter and spirit of the legisla- 
tion has been complied with. In in- 


terpreting statutes sense must be | 


brought out of words used. McClus- 
key v. Cromwell, 11 N. Y. 583.” 


Perhaps the differing views on 
whether use of the best device is a de- 
fense can be rationalized as each de- 
pending upon the gravity of the prob- 
lem in a given location. Assuming a 
situation in which air pollution has 
become so severe as to cause great an- 
noyance and damage, or perhaps per- 
sunal injury or death, there can be 
little doubt that by adopting the best 
control devices known a defendant 
could not shield himself from liabili- 
ty, civil or criminal. 


Summary—The Next Fifty Years 


We have seen the progress in the 
development of air pollution law dur- 
ing the past half century. Against 
the baekdrop of the state of the law 
existing in 1907, the last 50 years ap- 
pears to have been a period of refine- 
ment rather than revolution. Out of 
the decisions that fit together nicely, 
fit only roughly, leave yawning gaps, 
or directly conflict, the air pollution 
lawyer must derive a concept of what 
the law is, in order to guide himself 
and his client over the troublesome 
road ahead. Generally speaking, the 
law of air pollution has seen these 
major developments since 1907. 


(1) The doctrine of nuisance has 
followed in the course of urban and 
industrial development. 

(2) The control of air contamina- 
tion by the use of strict statutory and 
administrative regulations has become 
quite popular. 

(3) The courts have adhered fairly 
rigidly to the letter of the new police 
regulations. The way of the trans- 
gressor has become increasingly dif- 
ficult. 

What of the next 50 years? It takes 
neither great courage nor occult pow- 
er to predict that a constant and con- 
tinuing stream of decisions will be 
handed down, which determinations 
will more definitely sketch in the still 
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IMPROVED... 


dustex collect 


more recovery problems 
and assures peak efficiency 


NOW, 2 major design improvement on the widely used and 
highly regarded DUSTEX Collector means bigger returns on 
your investment. 


ALL NEW TUBE DESIGN ... 


Longer, larger cast tube produces the following results... 


e Greater capacity with less air flow resistance 


e Higher abrasion resistance 


e Ability to handle inherently sticky materials 


e Self-cleaning action 


e Highest efficiency ever 


ALREADY PROVEN in numerous field tests on the most diffi- 
cult dusts, the new improved DUSTEX Collector is ready to 
go to work for you now. Write for descriptive literature and 


details today. 


BUFFALO 25, N.Y. 
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ANALYZERS 


These instruments have the extremely high sensitivity necessary for analysis 
of air pollutants. Models are available for indicating or recording very low 
concentrations. Units can be modified to analyze a wide variety of gases not 


specified below. Write us your problem. Literature on request. 


CHEMICAL TYPE 
for measuring: 
OXIDANT 
NITROGEN DIOXIDE 
NITRIC OXIDE 
SULFUR DIOXIDE 


ULTRAVIOLET PHOTOMETER 


for measuring: 


OZONE 


VISIBILITY 


Max. sensitivity: 1 ppm full scale 


for measuring: 
CARBON MONOXIDE 


Max. sensitivity: 3 ppm full scale 


STRUMENTS 


SAN GABRIEL, CALIFORNIA 


HAROLD KRUG 
P.O. BOX 164 
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AIR POLLUTION 


Max. sensitivity: 0.8 ppm full scale 


REDUCING GAS PHOTOMETER 


UNSATURATED HYDROCARBONS 


fluid boundaries of the law. We can 
prognosticate that there will be no up- 
heavals which will destroy or serious- 
ly alter the great concepts upon which 
common law and constitutional law 
are based. 


The area of our crystal ball which 
is darkest, however, is that portion 
wherein lies the answer to the ques- 
tion: Jn which direction will the po- 
lice power move? That question will 
largely depend on how quickly and 
economically scientists and engineers 
and industry can solve the practical 
problems of air pollution control. 
Police regulations will follow closely 
on the heels of technical development. 


We can already see clearly one 
factor involved in the future develop- 
ment of the police power. That fac- 
tor is public indignation. The free 
citizen, now enjoying an otherwise 
miraculous standard of living, can- 
not, will not, and should not be forced 
to undergo the exquisite tortures in- 
flicted upon him constantly by metro- 
politan living. In some geographic 
areas, air pollution or smog is not a 
serious concern to him—not yet. In 
other locations air contamination is 
rated the cardinal concern. It will 
suffice to predict here that as and if 
the air contamination problem be- 
comes more serious, new police regu- 
lations will follow, and these regula- 
tions, unless palpably capricious, will 
be upheld by breathing judges. 
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OFFERS THIS ONE-SOURCE 
PACKAGE 


STOKERS TO FIT THE JOB 


Canton Stokers are engineered to 
job specifications at the factory to 
serve wide ranges of commercial, 
institutional, industrial and ma- 
rine requirements. Capacities 
range up to 3500 pounds of coal 
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CLEAN FUEL HANDLING 


Canton Flo-Tube Screw Convey- 
ors move coal to Stokers from bins 
or piles . . . automatically ... 
cleanly ... dependably ... econom- 
ically. They move coal without 
dust and waste spillage. 


BALANCED COMBUSTION 


Canton “Synchro”? Combustion 
Controls automatically adjust fuel 
feed, air supply, boiler draft and 
combustion rates to steam de- 
mand, or to water and weather 
temperatures. 


SMOKE CONTROL 


Canton “Turbo-Aire” Systems 
burn smoke where the smoke be- 
gins ... in the furnace. They en- 
able users to comply with smoke 
abatement regulations. 

For lowest possible fuel and main- 
tenance costs, use this exclusive 4-way Canton Stoker package 
for making coal firing smoke free and up to 90% automatic. 
One source . . . one responsibility . . . one guarantee. Mail 
the coupon today. 


CANTON STOKER 
CORPORATION 


114 Andrew Place, S. W. 
Canton 1, Ohio 


Canton Stoker Corporation 

114 Andrew Place, S. W. © Canton 1, Ohio 

Please send complete details about your exclusive 4-way 
system for making coal firing automatic. 
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YARDS CAN 
BROUGHT UNDER CONTROL! 


Smokatron’s Continuous Auto Burner 
Guaranteed to Comply with Local Ordinances 


Auto burners can now burn between 80 and 150 cars per day without smoke or fumes. 
SMOKATRON equipment was designed especially for the scrap industry by a prominent 
member of that industry since 1893. Competent engineers agree that electrostatic precipi- 
tation is most effective and much simpler to maintain and operate. Our deferred payment plan 
brings smokeless burning within the range of every scrap yard. 


Electrostatic Precipitator 
DESIGNED FOR USE IN SCRAP YARD 
BURNING OPERATIONS 


CALL OR WRITE FOR INFORMATION OR DEMONSTRATION 


SMOKATRON 

DIVISION 

SUMMER CO. 

666 BUTTLES AVENUE 
COLUMBUS, OHIO 
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A Buell Cyclones offer ex- 2 Which ite the best 


clusive Shave-off which 
harnesses double-eddy 
currents and puts them to dust collection system? 
work, large diameter de- 
sign which eliminates 
bridging and clogging. 


Five factors influence the choice of a dust collection system: 
Buell “SF” Electric Pre- dust characteristics, gas characteristics, efficiency required, 


cipitator delivers extra installation and operation costs, and limitations of space or draft 
through use of unique loss. In every installation, exclusive Buell features provide 


high emission, selftension- extra efficiency. A booklet, “The Collection and Recovery of 
ing Spiralectrodes and ex- 


clusive Continuous Cycle ae Industrial Dusts”, provides valuable, 
Rapping. specific details. Just write Dept. 51-H, 
Buell Engineering Company, Inc., 


Cyclone-Precipitator : 70 Pine Street, New York 5, New York 
Systems combine exclu- 

sive Buell features for 

extra efficiency where ex- 

tremely high performance 

standards must be met. 


Experts at delivering Extra Efficiency in DUST COLLECTION SYSTEMS 
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Behind Koppers successful 
solutions to every type of in- 
dustrial air pollution problem 
lies three-quarters of a century 
of research and development 
in this country and abroad, 
From all this “know-how” 
come the basic types of gas 
cleaning units, produced by 
Koppers, that can solve any 
gas cleaning problem 

you may have. 


ONE REASON WHY KOPPERS can make this promise 
is that Koppers builds the basic types of gas cleaning 
units. But obviously, that’s not enough! 

It takes wide knowledge and experience to put the 
right equipment to work for you. 

How Koppers got that knowledge and experience 
is a story in itself. By building gas handling equipment 
for over seventy-five years. By handling coke gases in 
Koppers own plants for over forty-five years. By 
successfully solving gas cleaning problems in every 
industry where they are a headache . . . in plants of 
all sizes, with a wide variety of individual problems. 
So ... when a Koppers engineer studies your specific 
problem, you know he has this wealth of experience to 
draw upon. It helps make him the best gas cleaning 
engineer in the business. 

To drive your costs down even further in the solu- 
tion of gas cleaning problems, Koppers carries on a 


KOPPERS 


Engineered Products 


sold with Service 


Koppers_ Electrostatic 


custom-designs Electro- 
You Need, ame static Precipitators that 
Koppers | eliminate “‘stack nuisance” 
Makes It. . remove fly ash, acid 


mist, soot... 
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- Your Industrial 


A Produced after intensive 
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ean Solve 


Gas Cleaning 
Problem! 


never-ending research program .. . creating new gas 
cleaning techniques . . . finding out more and more 
about the properties and composition of materials 
that pollute the air. That’s the job of Koppers’ multi- 
million dollar research center at Verona, Pa. 

Constant development of improved equipment and 
advanced ‘design is the job of Koppers’ Mechanical 
Development Laboratory at Baltimore. Backing up 
all this research is a sixty-year study by Koppers 
of current American and European gas cleaning 
techniques. 


You profit by all this knowledge and research be- 
cause it enables the Koppers engineer to recommend, 
without bias, the most efficient, most economical 
solution to your specific gas cleaning problem. If you 
have a problem, write to KOPPERS COMPANY, INC., 
Metal Products Division, Industrial Gas Cleaning 
Dept., 5608 Scott Street, Baltimore 3, Md. 


INDUSTRIAL GAS 
CLEANING EQUIPMENT 


Koppers Aeroturn Dust 
Collectors. Automatic 
pressure control and re- 
verse-air-jet action provide 
high, continuous filtering. 
Clean air, reclaimed ma- 
terials. Felt-type filters are 
more efficient; last longer. 


Koppers New Cyclonic 
Type Dust Collectors. 


study and experience, 
Koppers Mechanical Dust 
Collector provides maxi- 
mum efficiency in mechan- 
ical dust removal. 
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Airkem’s flying 


A major community relations problem for industry 
ts odor from stacks and processes. To determine the 
odor source and type, and to cure it, Airkem field 
engineers even take to the air. 


| 


odor researchers 


solve one of your 
toughest industrial relations problems 


Industrial odors have caused damaged public rela- 
tions in the past. Today, Airkem field engineers can 
analyze an odor*problem practically overnight. They 


For example, fumes from brake lining “baking” 
caused bitter protests and an injunction was served. 
In 24 hours, field engineers solved the problem; in- 
stalled Airkem atomizers to kill odors with a special 
Airkem formula. Plant operation was not disturbed. 


then prescribe special Airkem odor-counteracting 
formulations and install special equipment, killing 
odors and ending such problems immediately. 


Airkem’s odor researchers have used over 200 com- 
pounds to kill odors—not mask them. Airkem for- 
mulas are used in products and plants—even to end 
fire smoke odors. Contact your Airkem distributor or 
write Airkem, 241 East 44th St., New York 17, N. Y. 


HEADQUARTERS FOR ODOR CONTROL 


m FOR FACTORIES HOSPITALS HOTELS RESTAURANTS + THEATERS OFFICES INSTITUTIONS BANKS 
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AUTOMATIC 
CONSTANT 
FLOW 

CONTROL 


eNO ADJUST- 
MENTS TO 
MAKE 


DELICATE 
PARTS TO 
PROTECT 


eNO GAUGES 
TO WATCH 


M-S-A FIXT-FLO AIR SAMPLER 


Collects large samples of 


There’s no guesswork about the volume of air 
drawn through the filter of this modern sampler. 
An exclusive M-S-A automatic flow control 
feature eliminates the old problem of increased 
air flow resistance and reduced volume of air 
sampled because of material collecting on the 
filter. This automatic control holds a pre- 
determined flow rate constant within plus or 
minus: 10%. Changes in supply voltage as well 
as filter resistance are automatically compen- 
sated. The sampler operates at nominal flow 
rates of 15, 30, and 50 cu. ft. per minute. 
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SAFETY EQUIPMENT HEADQUARTERS 
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MINE SAFETY APPLIANCES COMPANY 
201 North Braddock Avenue, Pittsburgh 8, Pa. 


contaminants 


Because accurate interpretation of data de- 
pends upon the knowledge of the volume of 
air drawn through the filter, this instrument is 
a vital contribution to industrial hygiene and 
air pollution personnel concerned with aerosol 
contaminants. The unit collects large samples 
on filters for weighing and analysis. It is easy 
to operate. It is compact (7144” x 714” x 15”) 
and weighs only 1314 pounds. 

Complete information on operation, filters, 
and calibration is given in our bulletin. Write 
for a copy. 


At Your Service, 82 Branch Offices 
in the United States and Canada 
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Too often an air pollution problem exists 
today for one reason only: The company 
concerned does not yet know there is 
now at hand an efficient, effective method 
of correcting it—often at an actual sav- 
ing through waste heat recovery. 

The method is catalytic oxidation, and 
the firm that makes this development 
possible is Oxy-Catalyst, Inc. 


Catalytic oxidation works by “‘burn- 
ing” harmful and irritating combustible 
contaminants in an exhaust stream at 
temperatures far below their normal ig- 
nition points. It provides close to 100% 
cleanup of foul-smelling fumes and 
odors. It reduces fire hazards and main- 
tenance problems by eliminating trouble- 
some condensates in oven and furnace 
exhausts. 


Thus Oxy-Catalyst installations can 
not only control air pollution. They can 
also be used to release the latent heat 
energy in waste and process gases. And 
they can sometimes do both at once. 


A More Efficient Catalyst 


The key to successful catalytic oxidation 
is, of course, the catalyst itself. Features 
which make the Oxycat unique are: 


© The combination of platinum and 
alumina, chosen from hundreds of 
elements and compounds as the 
_most active and long lasting cata- 
lytic agent 


© The carrier, a high-grade porcelain 
selected for its strength, chemical 
inertness, and resistance to high 
temperatures 


OXY-CATALYST, INC. 


Industrial Division 
Wayne, Pa., U.S.A. 


Fume Elimination Processes and Equipment 
Industrial e¢ Automotive e Consumer Products 


of APCA 


An important message 


to the man who thinks his air pollution problem 


is too difficult—or too expensive—to correct 


Oxycat installation on 


© The patented method of applying 
the catalyst to the carrier 


© The patented mechanical design of 
the Oxycat itself 


The result of this combination of 
features is a catalytic unit with excep- 
tionally long life at high efficiency. 
Oxycats are strongly resistant to thermal 
shock—to contaminating agents and 
clogging. There’s no problem of frequent 
cleaning or reprocessing. Oxy-Catalyst 
installations are still functioning at high 
initial efficiency after over 20,000 hours 
without maintenance or servicing. 


Already in Wide Use 


Oxy-Catalyst installations are now work- 
ing effectively in a wide range of industries 


Standard Oil Company of California’s phthalic anhydride unit at Richmond, Calif; 


—oxidizing combustibles from such 
processes as asphalt oxidation; phthalic 
anhydride, polyethylene and ethylene 
oxide manufacturing; catalytic cracking; 
and many others. 


Oxy-Catalyst installations are care- 
fully engineered to your individual re- 
quirements, and our engineers, working 
with yours, can install Oxycats effec- 
tively in any existing plant. So, if air 
pollution is a problem in your operation 
—if irritating fumes and odors are cost- 
ing you neighborhood good will—you 
should know that Oxy-Catalyst offers 
a practical, realistic answer to your 
problem. 

Fill in the coupon, or write on your 
business letterhead, for complete in- 
formation now. 


Oxy-Catalyst, Inc. 
Industrial Division, Wayne 11, Pa. 


Please send me complete information on your catalytic oxidation process 
for air pollution control and waste heat recovery. 
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HI-VOLUME 
AIR SAMPLER 


INDUSTRY AND GOVERNMENT 
HAVE DISCOVERED IT TO BE — 

A NECESSITY IN MAINTAINING 
MODERN HEALTH STANDARDS 


The STAPLEX HI-VOLUME AIR SAMPLER has proven to be a basic 
instrument in combating and controlling air pollution. Time-tested . . . 
excellent for both indoor and outdoor sampling . . . this sampler 
accomplishes in 10 minutes what previous units required 36 hours to do. 


Accurately samples large volumes of air containing particulate matter 
as small as |/100th of a micron in diameter through use of filter papers. 
Standard filter paper 4 inches in diameter. 6" x 9" and 8" x 10” 
adapters available. Other sizes to order. 


Hundreds now in use by Industry and all types of government health 
agencies, Municipalities, Insurance Companies, etc. to accurately measure 
factory health hazards, atmospheric conditions, smoke abatement, 

smog, for mine inspections, and many other applications. 
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high resolution 


recording system 


Sliced up thinner than ever before, 
the wind can record itself with a new 
maximum of resolution in the Beckman 
& Whitley Type F System. This not only 
permits a more intimate documentation 
of the features of the winds, but, even 
where detailed records are not requir- 
ed, offers many advantages for fixed- 
station and system-telemetering uses. 


Operating from standard 115-volt 
60-cps supply, the Type F can be used 
in portable applications where the in- 
creased resolution is needed, by the 
addition of an accessory battery-oper- 
ated power supply. 


Sample chart illustrated, produced 
by typical recorder shown, reveals fine, 
smooth detail recorded where maximum 
chart width is six miles per hour at a 
chart speed of 6-in. per min. Translator 
unit, designed for either bench-top or 
rack mounting, permits instantaneous 
switching between the four scales cali- 
brated to maxima of 6, 12, 30, and 60 
miles per hour. 


For further information write: 


y Whitley INC. 


SAN CARLOS 4, CALIFORNIA 
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Consolidated Edison Compe 
STATION: ASTORIA ¢ UNIT NUMBER: 


New Powel 
STATION: SALEM HARBOR NUMBER: 
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Electric Con 
GANNON e UNIT NUMBER 


Electric Company of 


MERAMEC UNIT: MBER: ; 


The Hartford Electric Light Co. 


STATION: MIDDLETOWN UNIT NUMBER: 2 


Virginia Electric and ~ © any 


STATION: CHESTERFIELD UMBER: 2 


‘The Detroit Edison Commi 


STATION: ST. CLAIR e UNIT NUMBER: 
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